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El Hierro is the smallest and geologically the most recent island of the Canaries, and it 
registered the last submarine eruption in Spain during the years 2011 and 2012. It is an 
oceanic, subtropical and volcanic island which has a low population pressure and as a result 
has barely modified its original volcanic and non-volcanic landscapes. All these aspects allow 
the existence of a great geodiversity of volcanic morphologies (cinder cones, lava flows, lava 
deltas, lava tubes, hornitos, tumuli), erosion processes (landslides, ravines and cliffs) and 
sedimentary processes (beaches, dunes, alluvial and colluvial deposits) which have been 
geoconserved. In addition, more than 52% of its territory are natural protected areas by the 
Canary Law of Natural Spaces, for example a Biosphere Reserve and a UNESCO Global 
Geopark, and aiming also to be energetically self-sufficient. Moreover, El Hierro Island 
contains a singularity of rural landscapes associated with its volcanic origin, its subtropical 
latitude, its scarce waters and low population Tourism in the island is a sustainable activity, 
and its main attractions are diving and hiking through the different volcanic landscapes of the 
island. All these aspects contribute to the geographical diversity of El Hierro in reference to its 
volcanic (heritage) and rich cultural heritage. Because of this, the informative nature of this 
book becomes necessary, written in a simple but scientific language, allowing this way the 
main readers to be scientists specialized in geotourism, active leisure entrepreneurs and the 
general public interested in volcanic geoheritage and geotourism. 

The chapters included in this book provide a general but also detailed overview of the main 
aspects that characterize El Hierro, its Global Unesco Geopark and the integration of natural 
volcanic and non-volcanic geoheritage with its society along with the history of the island and 
the heritage generated. The book is structured into four parts. The first part is an introduction 
about the importance of geoheritage and its relationship with other concepts such as geodi- 
versity, geoconservation, geoculture and geoparks. The second part is dedicated to the 
geography and geology context of the island. The third concerns the diversity of geographical 
natural and cultural heritage. And finally, the fourth part is dedicated to geotourism and the 
main products in El Hierro Global Geopark promoting its sustainable use. Thus, through the 
different chapters of this book we will learn about the main values associated with the geology, 
landscapes, habitats, history and culture of El Hierro. 

Chapter “Volcanic Geoheritage in the Light of Volcano Geology”. It introduces the main 
concept associated with geoheritage, geodiversity and geoconservation in volcanic landscapes 
with special reference to the highlight of geology perspective. Moreover, the chapter revises, 
in detail, the natural and cultural heritage present in volcanic landforms and processes. 

Chapter “Volcanology of Recent Oceanic Active Island”. It describes the main vol- 
canological features of El Hierro focusing on the origin of the island and its evolution and 
identifies its main geological edifices. The chapter offers the reader an overview of the geology 
of El Hierro and its current scientific knowledge. 

Chapter “Volcanic Geomorphology in El Hierro Global Geopark". It helps to understand 
the volcanic geomorphology of El Hierro and its volcanic and non-volcanic diverse forms and 
processes. The chapter explains, in detail, the physiography features, the erosive and accu- 
mulative landforms and finally the monogenetic mafic volcanism present in the island. 


vi 


Chapter “Geoheritage Inventory of the El Hierro UNESCO Global Geopark”. It shows the 
vegetation associated with the landscapes of El Hierro and its relationship with the volcanic 
relief, with special attention to the evolution of the vegetation in volcanic rifts of El Hierro 
Geopark. It also reviews the great diversity of species and habitats. 

Chapter “The Vegetation Landscapes of a Oceanic Recent Volcanic Island". It describes 
the main volcanic geomorphosites detected in El Hierro Global UNESCO Geopark and their 
promotion of the itineraries for volcano tourism in this island. In this chapter, one of the 
georoutes in the island is selected in order to show the diversity of volcanic and non-volcanic 
geoheritage, spectacular vegetation landscapes and a rich cultural heritage. 

Chapter “Human Occupation of a Small Volcanic Island”. It describes the identification, 
selection and characterization of the main geosites present in El Hierro Global UNESCO 
Geopark. These geological and geomorphological sites show its geoheritage which are very 
important to the new geotouristic products in the island. 

Chapter “Rural Landscapes in an Oceanic Volcanic Island”. It describes the main geo- 
morphosites of El Hierro based on the diversity of its volcanic and non-volcanic geoheritage 
and cultural heritage and proposes a georoute with volcano tourist interest in the Orchilla 
geozone, where there is an important place of the island with a diverse and rich natural and 
cultural heritage associated with the mafic volcanism. 

Chapter “Geomorphosites of El Hierro UNESCO Global Geopark (Canary Islands, Spain): 
Promotion of Georoutes for Volcanic Tourism”. It is devoted to the geographical biodiversity 
of the geopark and the great variety of birds and their habitats. And then, a trail network of 
paths and viewpoints of El Hierro is proposed which constitutes the basic infrastructure for 
ornithological tourism or birdwatching under the sustainable uses’ principles. 

Chapter “Birdwatching as a New Tourist Activity in El Hierro Geopark". It shows the 
cultural seascapes in the marine reserve of “Sea of Calms” and La Restinga coast. This 
geographical space is the main tourist destination of El Hierro Geopark, and the main activities 
are associated with scuba diving. The biodiversity of marine life and the cultural heritage 
of the fishers are two principal characteristics of this landscape. 

Chapter "Cultural Seascapes in the *Sea of Calms' and La Restinga Coast" reviews the 
submarine eruption which occurred in 2011—2012 in the Mar de las Calmas Marine Reserve. 
This is the first eruption occurred in El Hierro in the historical period. The chapter is divided 
into two sections. In the first one, the eruption is analysed, and the second shows the geo- 
touristic interest of this eruption. Lastly, we will remember when this eruption finished since 
the local administration started the project for El Hierro as a Geopark in 2012. 

Finally, Chapter “Submarine Eruption of El Hierro, Geotourism and Geoparks" reviews the 
submarine eruption which occurred in 2011-2012 in the Mar de Las Calmas marine reserve. 
This is the first eruption occurred in El Hierro in the historical period. The chapter is divided in 
two sections. In the first one the eruption is analysed and the second shows the geotouristic 
interest of this eruption. Lastly, we will remember when this eruption finished since the local 
administration started the project for El Hierro as a Geopark in 2012. 

This book was supported by project "VOLTURMAC, Fortalecimiento del volcano turismo en 
la Macaronesia (MAC2/4.6c/298)", and is co-financed by the Cooperation Program INTERREG 
V-A Spain-Portugal MAC (Madeira-Azores-Canarias) 2014—2020, http://volturmac.com/. 
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Abstract 


Volcanic geoheritage relates to the geological features of 
a region that are associated with the formation of a 
volcanic terrain in diverse geoenvironmental conditions. 
These features include the volcanic processes, volcanic 
landforms and/or the eruptive products of volcanism that 
form the geological architecture of that region. Volcanic 
geoheritage is expressed through the landscape and how it 
forms and evolves through volcanic processes on various 
spatio-temporal scales. In this sense it is directly linked to 
the processes of how magma released, transported to the 
surface and fragmented, the styles of eruption and 
accumulation of the eruptive products. Volcanic geoher- 
itage is directly linked to the natural processes that 
generated them. Geocultural aspects are treated separately 
through volcanic geosite identification and their valoriza- 
tion stages. Identification of volcanic geosites, based on 
various valorization techniques, have been applied suc- 
cessfully in the past decades to many geological heritage 
elements. Volcanism directly impacts societal, cultural, 
and traditional development of communities, hence the 
“living with volcanoes” concept and indigenous aspects 
and knowledge about volcanism can and should play 
important roles in these valorization methods through 
co-development, transdisciplinary approaches by includ- 
ing interconnected scientists in discussions with local 
communities. Elements of volcanism and volcanic geo- 
heritage benefit of the geoculture of society so volcanic 
geoheritage sites are ideal locations for community 
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geoeducation where resilience toward volcanic hazard 
could be explored and applied more effectively than it is 
done today. Geoparks within volcanic terrains or 
volcanism-influenced regions should be the flagship 
conservation, education and tourism sites for this mes- 
sage. Volcanism can be an integral part of processes 
operating in sedimentary basins. Here volcanic eruptive 
products and volcanic processes contribute to the sedi- 
ment fill and geological features that characterize the 
geoheritage of that region. 
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1 Introduction 


Volcanic eruptions are frequently the subject of global and 
local media attention because volcanism fascinates people, 
even in areas not hosting active volcanoes. In fact, volcanic 
events generate more interest from people than any other 
geological processes (Erfurt-Cooper 2011; Erfurt-Cooper 
2014) (Fig. 1). This behavior has been identified as one of 
the main driving forces behind volcano tourism, a special 
type of geotourism associated with adventure tourism (Erfurt 
2018). Volcanic geology has been incorporated into methods 
for evaluating the geoheritage values of volcanic terrains 
especially from the perspective of UNESCO World Heritage 
site nominations. The main international body that stands 
behind the UNESCO World Heritage site selections mostly 
by providing advice and recommendation of the scientific 
value of the proposed sites, The International Union for 
Conservation of Nature (IUCN), has published two thematic 
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Fig. 1 Volcanic eruption during 
the 2021 Geldingadalir, Iceland 
eruptive events the full array of a 
typical mildly explosive, 
dominantly effusive basaltic 
volcanic eruption can be observed 
(a) that fascinate the visitors (b). 
Photo by Gisli Gislason 


studies on volcanoes (Wood 2009; Casadevall et al. 2019). 
The first issue, published in 2009 (Wood 2009), outlines the 
significance of volcano science and volcanic landforms in 
the selection criteria for granting UNESCO World heritage 
site status to a volcanic terrain. This report, however, lacks a 
practical, systematic comparative study that nominating 
bodies could readily deploy. Hence where sites proposed for 
UNESCO World Heritage status had strong association with 
volcanism it became apparent that further study was war- 
ranted. A new report, released in 2019 as the World Heritage 
Volcanoes document (Casadevall et al. 2019), recommends 
classification methods, knowledge gap analysis and some 
recommendations about how future sites should be accepted 
for listing. While this report, and the stronger involvement of 
IUCN in this process, with the aid of geoscientists with 
expertise on volcano geology is certainly a major step for- 
ward, it is still very general and lacks definitive guidelines. 

Volcanic geoheritage is currently used in a very broad 
sense, essentially to any volcanic terrain, feature, processes, 
deposit or eruption that are in some way unique to or 
associated with some geocultural perspective (Nemeth et al. 
2017). The historic eruption record, oral traditions from 
indigenous cultures or strong geocultural links are used to 
define the volcanic geoheritage. Volcanic geoheritage is 
commonly viewed as an attribute serving geotourism or 
geoeducation purposes. While there is no doubt that vol- 
canism is a key element of many geotourism projects, 
development of geopark models and heavily linked to its 
geoeducation potential, volcanic geoheritage is somehow a 
more broader concept and it should be viewed through our 
current knowledge on how volcanoes work or evolve 
(Fig. 2a), their role in creating or modifying landscapes 
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(Fig. 2b, c), and how they vanish over time (Fig. 2d). In this 
chapter we provide a working approach to view volcanic 
geoheritage as a universal and absolute value of geoheritage 
that also provides a scientifically established background of 
qualitative and quantitative geodiversity estimates of vol- 
canic terrains or volcanism-influenced sedimentary basins. 
The proposed approach provides a firm foundation of how 
volcanic geoheritage can be utilized in geoconservation 
strategies or for geotourism purposes. Here a proposed 
approach is outlined that provides a non-biased, geologically 
validated approach to express the attributes of volcanic 
geoheritage. Later, we discuss the geocultural aspects 
including indigenous cosmovisions on volcanism that can 
act as a driving mechanism to valorize geoheritage values to 
identify, locate and map volcanic geoheritage sites. 


2 Geoheritage—Geodiversity— 
Geoconservation from Volcano Science 
Perspective 


There is general confusion and convoluted usage of terms 
and methods used to define volcanic geoheritage. The same 
issue exists in how we treat and define geoheritage in gen- 
eral. Current systematic research, based on study of the 
published scientific data shows that a largely inhomoge- 
neous approach exists to define geoheritage and consensus 
has not been reached yet (Nemeth et al. 2021a, 2021). In 
many cases geoheritage, geoheritage site and geodiversity 
are mixed terms that are inconsistently applied with few if 
any synonym terms. “Geoheritage” is a generic but 
descriptive term applied to sites or areas of geologic features 
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magmatic capping unit 


Fig. 2 a Eruptions styles control the overall architecture and even the 
volcanic landform characteristics as well as they reflected in the deposit 
characteristics in meso and micro scales. In the Motukorea/Browns 
Island in the quaternary Auckland volcanic field a typical basal 
phreatomagmatic tuff ring section is capped by magmatic explosive 
eruptions that generated scoriaceous capping units. b Most of the 
volcanic eruptions have short to medium term (e.g., thousands of years 
to maybe few millions of years) landscape-modifying effects. This can 
be observed from Mount St. Helens that after the 1980 eruption 
deposited extensive volcaniclastic fans in the ring plain. Since the 
eruption, the newly accumulated volcaniclastic fan gradually incised by 
local stream network and remobilized and redeposited significant part 
of it providing and advancing volcaniclastic fan in the distal regions of 


with significant scientific, educational, cultural, and/or aes- 
thetic value (Brilha 2018b; Macadam 2018). According to 
this widely adapted definition geoheritage is widely accepted 
as a Site-specific definition that can be defined by various 
valorization techniques including its scientific, educational, 
cultural and aesthetic values (Brilha 2016, 2018a). The value 
is heavily influenced by the societal and cultural activities 
associated with the site. However, if we wish to express, for 
comparative reasons, the geoheritage values of a specific 
site’s essential to do so in its geological and geomorpho- 
logical context independent of human society and culture. 
Geoheritage is something that reflects the heritage elements 
of Earth History and the processes that generate the geo- 
logical and geomorphological features (Fig. 3). Geoheritage 
in this perspective treats Earth’s processes and history as the 
controlling factors regardless of Recent interactions with 
human society. Geoheritage sites are those which has been 


fluvial reworking 


the volcano. e In exceptional cases volcanic eruption are significant 
landscape producing events that shape the landscape dramatically as the 
case in most of the large ignimbrite flare up events in the Earth History 
such as the Pliocene ignimbrite plateaus at the Andean Central Volcanic 
Zone in Chile. The Pliocene ignimbrite sheets cover the region over 
several hundreds of metres thick ignimbrite successions providing light 
pink tone to the landscape and acting as a base on the Pleistocene and 
Holocene intermediate (andesite, dacite) polygenetic compound, com- 
posite and stratovolcanoes grown in the last hundreds of thousands of 
years. d Erosion can alter volcanic landscape and produce visually and 
aesthetically unique landscape elements such as the dissected and 
exhumed core of Miocene stratovolcanoes proximal sections at the 
Fletcher Bay of the Coromandel peninsula, New Zealand 


identified and studied to generate inventories and compara- 
tive studies expressing the relative values of those locations 
(Brilha 2016) (Fig. 4). In this context scope and scale of the 
features are important. Within the framework of valorization, 
the various methods applied are generally linked and heavily 
dependent on the recognized scope of the site. The most 
common approach is for geotourism where the valorization 
shows strong linkages to the cultural activities associated 
with the identified geosite. Hence strong arguments can be 
made to include geocultural or even indigenous elements in 
the geoheritage element description. The perspective pro- 
posed here aims to avoid this confusion by putting geoher- 
itage as the absolute value on which to base our current and 
best scientific view of a geological or geomorphological 
entity (Fig. 3). To create a workable framework to identify 
the geoheritage elements a systematic overview looking at 
the geological and geomorphological features from a 


4 
topological aspect (e.g., descriptive sense) and the processes 
operating at the time of their creation (Fig. 5). The processes 
then can be interpretative as they are commonly inferred 
from some measurable and/or observable parameters in the 
geological or geomorphological record. Intuitively, this 
method should be independent of the way we gain infor- 
mation to solve the problems, e.g., how the arguments and 
assessment probe the observed geoheritage element. To put 
it simply, the geoheritage value of a geological feature 
should be entirely dependent on the current scientific 
understanding of the processes that created the feature 
regardless of the pathway followed to reach that knowledge. 

Geodiversity, in contrast, is something that expresses the 
diverse nature of the geoheritage elements from the per- 
spective of the processes that formed the feature (Gray 
2018a, b; Zwolinski et al. 2018). Geodiversity is commonly 
defined as the variety/natural range/range/diversity of the 
non-living (abiotic) environment. This assessment of a fea- 
ture is intended to be all-embracing encompassing ‘geolog- 
ical nature/geological features/the geological environment’. 
This definition holds two logical directions, (1) all geologi- 
cal and geomorphological elements be included and (2) de- 
termine how this variety of features can be expressed. There 
are those who propose geodiversity should be treated in a 
similar way to biodiversity, as an expression of 
number/density of features (Fig. 6). This is a promising and 
interesting idea, but very difficult to develop and test. While 
the idea is commendable and would expand the current 
application of biodiversity to include the abiotic aspects 
there are some significant issues that need to be explored 
further. Namely, biodiversity calculations are almost exclu- 
sively based on a selection of species and look at their 
population density within various regions. The selection of a 
species is a kind of “singularity-defined” approach as the 


Fig. 3 Conceptional framework 
to outline the interlinkages of 
geoheritage elements— 
geoheritage sites and geodiversity 
and their connection to 
geotourism and geoeducation 
specifically expressed in a 
volcanic geological context 


identified volcanic feautres 
either topological or process oriented 
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A) identified geodiversity elements M 
linked to the identified 
(volcanic) geoheritage elements 


B) measuring/estimating the spatial 
number denstiy of the recognized 
geodiversity elements 


C) if accessible data allows expand method 


to spatio-temporal number density 
of recognized features 
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Geosite Assesment Method for Volcanic Realms 


within a defined spatio(-temporal) scale of the volcanic heritage element 
MOST and BEST concept + simple grading system 
within planetary perspective 
within the same geodynamic setting 


within the same volcanic province 


within single volcanic geoforms 
proximal to distal elements of lava flow fields 


proximal to distal volcanic elements of volcaniclastic flows 


within the same micro and meso scale 


oral traditions 
indigenous cultural elements 
archaeological context 
current cultural significance 
“dark” and/or "bright" geocultural aspects 


geosystem services perspective 
implementation perspective 


Fig. 4 Geosite valorization aspects in volcanic context as a model that 
needs to be specifically designed for volcanic terrains. The methods 
essentially based on the main versus additional values that are pre-set 
for the scope of the valorization such as in most of the cases serving 
geotourism. The methods in volcanic terrains should reflect the 
identified volcanic geoheritage elements as a key framework along 
the search for the “most and best" site should be identified 


definition of species—especially in comparison to the scale 
of the observations (and measurements) are well defined, 
and easy to adapt. In a simple way, we know exactly how to 
identify the specific species and we can develop methods 
about how to measure their appearance in a specific spatial 
dimension. The definition of a species, or even higher 
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vent alignement - structural evolution 
collapse scars - volcano collapse 
lateral chemical variations - provence magma petrogenesis 


mantle bedding - pyroclast fall/tephra fall events 
valley-filling - geophysical flow processes 
erosional qullies - post/inter eruptive processes 
facies relationship - geoenvrionment reconstruction 
volcanic flow interaction surfaces - eruptive environment 


impact sags - ballistic transportation 
dune bedding - low particle concentration pyroclastic density current 
clast imprication - pyroclastic density current activity 
grading - pyroclast transportation mode 
colliumnar jointing - cooling history 
peperite - melt and host sediment interaction 
vertical chemical variations - magma genesis trends 
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flow banding - flow movement, colling history 
glassy pyroclasts - magma/water interaction 


Fig. 5 Textural versus process associated volcanic geoheritage 
elements. Textural elements can be linked to descriptive features, for 
instance elements that can be expressed in some geometrical scales 


biological orders are clear and tested over many decades, 
hence no, or little, ambiguity exists within the counting 
methods. The measurable biotic elements (e.g., a species of 
animal) that move across the spatial region in question, are 
generally small compared to the size of territory and the 
biodiversity being defined. However, we have no guidance 
or even recommendation on the best way to define the 
geological or geomorphological “unit(s)” we wish to mea- 
sure in similar context. The current recommendations that 
geodiversity elements be as inclusive as possible can create 
confusion as various elements could be treated with equal 
weight in the estimation methods (Coratza et al. 2018; 
Zwolinski et al. 2018). Often geological and geomorpho- 
logical elements are sizable with dimensions similar to the 
study area where the geodiversity is being assessed. To 
assess the spectrum of landscapes, landforms and 
geological/geomorphological processes if a region we need 
to define the measurable geological features to be included in 
the geodiversity calculation. Geodiversity estimation pro- 
duced a great number of outputs recently commonly utiliz- 
ing advanced technologies as spatial statistic or GIS 
applications (Benito-Calvo et al. 2009; Bradbury 2014; 
Argyriou et al. 2016; Araujo and Pereira 2018; Betard and 
Peulvast 2019; Albani et al. 2020). Probably the best 
approach is to utilize the available geological maps at vari- 
ous mapping scales; these provide the raw data pertaining to 
the geological elements of the region. The geological maps 


Interpretative 


(e.g., landforms, fields, edifice etc.), while process elements are those 
that show strong link to a specific key volcanic geology process 


provide lithology-based information which are relatively 
easy to define, identify, or reproduce even by end-users not 
deeply involved in geological research. 

On the basis of the geological maps, the measurable 
elements can be expanded to include processes associated 
with the lithological entities. In addition, geological maps 
contain data about the structural elements of the region. 
These are another measurable variable. 

Overall, the geoheritage, geoheritage site and geodiver- 
sity are three unique features interconnected by a conceptual 
framework that can be applied to define a region (Coratza 
et al. 2018). The scope and scale are important aspects when 
defining these three parameters. The scope will include 
either descriptive or process-related aspects of the above 
elements but also can be linked to the purpose of the 
research (e.g., geotoursim, geoeducation, urban planning etc. 
purposes). Scale is important and is commonly associated 
with research purpose-defined approaches and is looked at 
from regional, national or global aspects. This is a valid and 
functional approach, especially for geotourism, but probably 
not the best when studying geoheritage elements. Geoher- 
itage elements should be investigated from an internal scale 
perspective and relate to the dimensions of the geological 
elements under investigation (Fig. 7). For instance, a 
specific sedimentary basin that produced a specific sediment 
deposit that lithified into sedimentary rock has natural (and 
measurable) spatial and temporal dimensions. Hence when 
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Geological Map of Miyakejima Island (Masashi TSUKUI, 
Yoshihisa KAWANABE and Kenji NIIHORI 2005 - Geological 
Map of Volcanoes, Series 12, 1:25,000 scale, Geological 
Survey of Japan, AIST (Geological Survey of Japan) - URL 
https://www.gs)Jp/Map/EN/volcano.html) 


Fig. 6 Comparison of bio- and geodiversity highlighting the chal- 
lenged geodiversity estimates faces with. Geological map is a detail 
from the Geological Map of Miyakejima Island (Masashi TSUKUI, 
Yoshihisa KAWANABE and Kenji NIIHORI 2005—Geological Map 
of Volcanoes, Series 12, 1: 25,000 scale, Geological Survey of Japan, 
AIST - available on https://www.gsj.jp/Map/EN/volcano.html). Note 
the potential variation of geodiversity based on the mapped volcanic 
geological elements marked on the geological map with 1—25,000 scale. 
“A” region has more geological elements than “B”. While intuitively we 
estimate significantly higher geodiversity for the area “A”, this needs to 


looking at geological heritage elements that formed over 
time the time during which that element formed needs to be 
considered as well. 

Overall, this theoretical approach to geoheritage should 
also embrace the concept of geological facies. For example, 
the typical geoenvironment in those features formed and the 
physical and chemical processes responsible for generating 
those geological features. 

The following sections will explore how volcanic geo- 
heritage fits to this theoretical approach and what makes 
volcanic geoheritage unique in respect to other geological 
and geomorphological phenomena. 


3 Geoheritage Recognition and Value 
Estimates from Volcano Geology 
Perspective 


Volcanoes are special geological features that manifest in 
great variety across the Earth and have throughout history 
have displayed diverse eruption styles, many of which are 
not occurring today. Volcanic eruptions can be classified 
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be evaluated as the large “orange” zone OF (Pleistocene Ofunato stage 
products) are complex volcanic succession. In modern volcanic settings, 
geological maps can be heavily biased by mapped erupted products 
toward younger features that is not obviously reflecting the created 
volcano geology diversity of the system. Such problem needs to be 
treated carefully as so far, no general strategy exists to deal with the 
timescale and volcanic architecture resolution. In general, we can 
assume that this problem eases toward Cenozoic volcanic terrains and 
geological maps can be more reliable source for geodiversity calculation 
in relationship with other geological entities mapped 


according to the power (e.g. VEl—volcanic explosivity 
index) of the eruption and their potential to modify an 
existing or create a new landscape (Newhall and Self 1982; 
de Silva and Lindsay 2015) (Fig. 8a). The most frequent 
eruptions in Earth history are of moderate intensity (VEI = 
1-4) producing eruptions that modify the landscape and 
with eruptive products that are “locked” into the geological 
record, commonly as part of sedimentary basin successions. 
The lifespan of such volcanic eruptions can be very short 
(days to weeks) up to over 100,000 years. This type of 
volcanism is known across the Earth surface and in world’s 
oceans and typically produce monogenetic or polygenetic 
volcanoes (Fig. 8b). Monogenetic volcanoes in this context 
refers to the eruption that feed from a single volcanic conduit 
and last for only short period of time (hours to maybe years) 
and are clearly associated with a single batch of magma that 
finds its way to the surface via the same conduit. In contrast, 
polygenetic volcanoes are those that form and establish 
plumbing systems (de Silva and Lindsay 2015; Nemeth and 
Kereszturi 2015; Smith and Németh 2017). These are 
commonly fed from crustal magma storage places and can 
evolve over numerous eruptive episodes to build an 
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Fig. 7 Scale “problem” in a graphical expression. Conventional scale 
setting used in geoheritage valorizations are contrasted with volcanic 
process and features viewed in the scale the identified elements 
prescribe. The graphical representation is challenging to show 
process-relevant elements. The images show eruptive products highly 
relevant to processes in various scales following the volcanic facies 


amalgamated and complex volcanic edifice such as a strato- 
or compound volcano. Polygenetic eruptions are only cap- 
able of some modification to the surrounding environment 
and their preservation potential is largely controlled by the 
climatic and geoenvironmental conditions. Over time, only 
the conduit or proximal volcanic successions are preserved, 
commonly forming distinct landscapes with volcanic plugs, 
exhumed upper conduits or completely inverted landscapes. 
Large, normally silicic (e.g., rhyolitic) eruptions commonly 
form extensive pyroclastic blankets such as ignimbrite sheets 
and distinct collapse features such as calderas all charac- 
teristically changing the appearance of the pre-eruptive 
landscape, hence these eruptions commonly referred to as 
landscape forming eruptions (Graettinger 2018) (Fig. 8c). 

Volcanism produces spectacular geological features, 
however, in the last 600 million years volcanic geological 
elements are volumetrically well below that of sedimentary 
or metamorphic rock types, hence they are in general rare 
events despite their huge local impact, making volcanic 
geoenvironments a distinct geoheritage type. In addition, 
volcanism generally takes place in a far shorter time frame 
than any other geological processes thereby making their 
eruptive products valuable chronostratigraphic markers for 
understanding Earth history (Fig. 8d). 

Volcanoes themselves and the associated eruptive prod- 
ucts are diverse in their appearance. Defining the variety of 


concepts. The image frames refer to a typical monogenetic 
volcano-associated volcanic features (e.g., pyroclastic density current 
deposition). Green rectangles show other key geological processes 
associated with volcanism. Within those features various scales can be 
identified following the volcanic facies model 


volcanic features that may be associated with a volcano is a 
complex task, in part partially because they form much faster 
than other geological elements. Furthermore, their physical 
appearance is governed by their unique chemical and 
physical processes. The general magma chemistry, volatile 
content and the magma petrogenetic conditions all add to the 
complexity of the type of volcanic eruption that may result. 
The connection between the magma petrogenetic features 
and the geotectonic environment they are most likely to form 
in make volcanism and volcanic geoheritage the perfect 
avenue to link and identify key volcanic features used to 
define volcanic geoheritage elements. As a proxy the map- 
ped rock types, such as basaltic to rhyolitic, could be used as 
distinct attributes associated with the volcanic geoheritage. 
Each of the mapped rock types somehow can be or should be 
linked to larger geotectonic processes such as convergent 
plate margin, intraplate, ocean island etc. setting. 

Using volcano architecture through volcanic facies 
models (Cas and Wright 1987; Gamberi 2001) (Fig. 8f) 
enables the volcanic geoheritage to be defined by the 
petrochemical elements, and their link to the geotectonic 
features (De Vries et al. 2018) (Fig. 8e). Every volcano type 
has a point source, a vent that is linked to a 
conduit/magmatic plumbing system and through a crater 
connect to the proximal volcanic edifice. By increasing 
distances from the vent, the most common or typical 
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Fig. 8 Complex diagrammatic representation of key volcanic geoher- 
itage elements. Please note, that these are just the most representative 
geological features that play key to define any volcanic systems. 1. 
Volcanic eruption intensity (size of an eruption) represented in three 
commonly referred cartoon where increased explosivity also means 
higher, more vigorous eruption plumes and higher VEI values. 
Diagrams are after from Walker (1973), Cas and Wright (1988), 
Newhall and Self (1982). 2. Monogenetic versus polygenetic volcanic 
systems in a conceptual model after Nemeth and Kereszturi (2015). 
Letters refer to a polygenetic volcano, b compound volcano, ¢ mono- 
genetic volcano cluster/field, d large volume monogenetic volcano with 
shallow crustal magma storage system, e polymagmatic compound 
monogenetic volcano, f polymagmatic simple monogenetic volcano, 
g sensu stricto monogenetic volcano. On the polymagmatic volcano 
cartoon numbers refer to as (1) deep-fed monogenetic volcano in the 
ring plain, (2) deep-fed flank volcanoes on the edifice, (3) shallow 
magma storage-fed small-volume volcano, (4) small volume volcano 
fed from edifice storage systems. 3. Landscape modifying and 
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landscape forming volcanic systems such as calderas, stratovolcanoes 
and monogenetic volcanic fields. 4. Magma composition variations as 
reflection of the petrogenetic processes formed the volcano. 5. 
Geotectonic systems classified by the recently proposed Earth System 
approach of De Vries et al. (2018). 6. Volcanic facies architecture 
determent elements outlined by Nemeth and Palmer (2019). Pyroclastic 
“Fall” processes tend to generate mantling geometry of their product 
while pyroclastic “Flow” processes show more valley confined 
elements. (1a)—deep source chemistry and magma extraction, (1b)— 
magma source to surface transport, (1c)—magma temporal shallow 
storage processes, (2)—crystallisation and vesiculation, (3a)—pyroclast 
transportation through “fall” processes, (3b)—pyroclast transportation 
through “flow” processes [pyroclastic density currents including 
pyroclastic flows, ignimbrites, pyroclastic surges], (4a)—deposition 
processes from “fall”, (4b)—deposition from “flow”, (5a)—Tredeposi- 
tion by laharic (Lh) currents of any type, (5b)—redeposition by 
volcanic debris avalanches (Vda) of any type. Lava flows are important 
lithostratigraphic components (Lf) 
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volcanic facies and facies associations are clearly distin- 
guishable even in ancient settings (Németh and Palmer 
2019) and hence can be used to establish the volcanic geo- 
heritage elements. 

Volcano types as monogenetic versus polygenetic are 
already suggestive that some sort of scale of observation has 
been utilized. Monogenetic volcanoes are about two mag- 
nitudes smaller by edifice type, impacted geoenvironment 
and eruption duration than those considered to be polyge- 
netic (de Silva and Lindsay 2015). While it has not been 
adequately researched it seems that the boundary between 
monogenetic and polygenetic volcano types are far more 
continuous than has previously been considered (Nemeth 
and Kereszturi 2015). There are very complex volcanoes that 
still retain monogenetic characteristics from petrogenetic and 
volcano architecture perspective, but there are also polyge- 
netic volcanoes that are not a lot different from the mono- 
genetic volcanoes. Normally mafic magmas from intraplate 
(mostly intracontinental) settings produce single, on-off 
eruptions and generate monogenetic volcanoes, while more 
evolved magma types tend to form longer lived polygenetic 
volcanoes like strato- and compound volcanoes. Mafic vol- 
canic rocks are volumetrically more dominant at the surface, 
hence volcano types fed by mafic magmas are common 
hence they are in most of the known geoenvironment and 
geotectonic settings. 

Looking at the volcanic architecture and volcanic facies 
perspective is a scientifically valid approach to identifying 
volcanic geoheritage elements. Moreover, the volcanic facies 
approach to define the geoheritage elements of a volcanic 
terrain can be applied to ancient settings where the original 
volcanic landforms are heavily modified or already not 
recognizable. 

The volcanic facies approach also can be applied to any 
volcano type regardless of whether they are dominantly 
effusive or explosive eruption processes, specific eruption 
styles (magmatic vs. hydromagmatic/phreatomagmatic), 
small-volume monogenetic or large volume polymagmatic. 
This approach could be used as a “checklist” of what to look 
out for when we try to identify the geoheritage elements 
associated with a volcano. To embrace volcanic facies 
approach in the volcanic geoheritage element recognition is 
also advisable as it fits perfectly to any volcano model, 
independent of its size, composition or geotectonic situation. 

Recognition of geoheritage elements of monogenetic 
versus polygenetic volcanism is a challenge. While indi- 
vidual monogenetic volcanoes are small and the facies 
restricted to very small spatial scales, larger monogenetic 
volcanoes commonly form in groups of volcanoes that 
evolve over millions of years, effected by associated climatic 
and/or hydrological changes and the overall territory can be 
a magnitude larger than an average polygenetic volcano. 
This problem will be a very challenging one when setting 


out to establish the geoheritage elements defining the geo- 
diversity or when providing fundamental background data to 
assist location of geoheritage sites through comparative 
analysis. 

Recognizing the geoheritage elements of the largest 
landscape forming eruptions can also be difficult. It is 
common such volcanism produces large volume (> 10 
km), macroscopically laterally, very homogeneous ign- 
imbrites associated with mega calderas (10 km + across) 
(Lindsay et al. 2001; Antonio Naranjo et al. 2018), however, 
distinct geoheritage elements may be associated with fea- 
tures at microscopic scales (e.g. minerals, xenoliths etc.), or 
phenomena largely associated with the interaction between 
the large volume ignimbrites and their geoenvironment (e.g. 
various peperites, fluid escape pipes, lag breccias etc.). The 
volcanic geoheritage aspects of such high intensity and 
landscape forming eruptions also can be linked to extensive 
tephra fall that can reach well beyond the vicinity of the 
eruption sources and form a significant geoheritage element 
in a “foreign” geological setting (Breitkreuz et al. 2014). 

Volcanic geoheritage elements are very commonly 
viewed only from modern and active volcanic systems. 
Volcanic geoheritage of ancient settings are significantly 
underrated or abandoned (Migon and Pijet-Migon 2016, 
2020). In ancient settings erosion commonly removes the 
majority of the medial and distal sections of a volcanic 
edifice, over time exhuming the crater and upper conduit 
facies. In extreme situations, volcanoes reaching a complete 
eroded phase form unique exposures where the deep interior, 
or even their magmatic plumbing system, is exposed ready 
to study or be utilized in geoeducation programs. Volcanic 
geoheritage of exhumed conduit systems should be consid- 
ered seriously as they are also part of a volcano/magmatic 
system and act as a link between the source and the surface 
manifestation of magmatism. 

The interaction of volcanism with the surrounding 
geoenvironment, or sedimentary basin, create valuable vol- 
canic geoheritage elements (Fig. 9). Volcanic basins, espe- 
cially along convergent plate margins where arc volcanism 
takes place, should be taken in account from their volcanic 
geoheritage perspective. While volcanic edifices erode and 
gradually diminish after a few millions of years, they may 
leave behind an exhumed pyroclastic breccia-filled conduit 
network and associated dyke, sill and other intrusive ele- 
ments (Lefebvre et al. 2013; Latutrie and Ross 2019). Distal 
sedimentary basins can accumulate and preserve the vol- 
canic activities well beyond the lifespan of their source 
volcano forming distinct volcanic-impacted sedimentary 
basins displaying a typical volcaniclastic sedimentary suc- 
cession, e.g., the “Pietra Verde” in Northern Italy (Budai 
et al. 2005; Cassinis et al. 2008; Furrer et al. 2008; Németh 
and Budai 2009; Dunkl et al. 2019). Recognition of such 
volcanic geoheritage elements of a sedimentary basin is 
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Fig. 9 Interface between volcanoes and the background sedimentary 
systems/basins in a highly schematic diagram that is not to scale. From 
the volcanic edifice a decreasing volcanic geoheritage dominance is 
shown toward the marine basin where "only" volcanism-impacted 
geoheritage elements can be recognized. Numbers represent key 
volcanic geology elements associated with the respected zone. Note 


imperative to recognize and incorporate into a volcanic 
geoheritage model to ensure it is complete, we call this the 
holistic vision of volcanism. While we may intuitively think 
that such scenarios are only or strictly associated with 
extensive marine basins along various segments of a vol- 
canic arc, the volcanic input of pyroclastic detritus into 
terrestrial systems is also measurable and plays important 
part of the terrestrial sedimentary processes (Rees et al. 
2018, 2019, 2020). This is particularly valid for intermediate 
polygenetic volcanoes where the central edifice is commonly 
surrounded by a complex and very extensive so-called ring 
plain that forms where sedimentation style is heavily 
dependent on the intensity of the volcanism, the frequency of 
the volcanic episodes and the changing climatological 
parameters affecting the surface water distribution configu- 
ration (Zernack et al. 2009, 2011; Németh and Palmer 2019; 
Zemeny et al. 2021; Zernack 2021; Zernack and Procter 
2021). 

Volcanism can also form local depressions that function 
as terrestrial depocenters for sedimentation. Interestingly 
small depressions, such as maar craters (Lorenz 2007; 
Christenson et al. 2015), are significant volcanic geoheritage 
elements (Moufti et al 2013a, 2015; Yoon 2019; 
Becerra-Ramirez et al. 2020; Bidias et al. 2020; Megerle 
2020b). These small and deep craters can form in terrestrial 
settings (Graettinger 2018) where they are infilled with ter- 
restrial sediments over tens of thousands of years providing a 
high-resolution record of past terrestrial environments 
including climate change and paleoenvironments (Gruber 
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that the same concept can be applied for eroded volcanic terrains where 
the core of the volcanic elements is exhumed and exposed. Applying 
such conceptual framework to identify the key volcanic geoheritage 
elements can help to link eroded volcanic terrains to modern setting and 
develop a geologically well designed geoeducation and geotourism 
program across volcanic geoheritage sites 


2007; Nemeth et al. 2008; Zolitschka et al. 2013; Lenz and 
Wilde 2018; Kovács et al. 2020). In large craters, such as 
caldera systems, significant volcanic geoheritage elements 
form as thick (hundreds of metres thick) lacustrine sequen- 
ces (Branney and Acocella 2015; Christenson et al. 2015; 
Cattell et al. 2016). These have the potential to feed outbreak 
floods that can significantly alter the terrestrial environment 
of a large area such as happened numerous times in the 
North Island of New Zealand after caldera eruptions expel- 
led large volume of pumiceous material that blocked fluvial 
networks (Manville 2002; Hodgson and Nairn 2005; Man- 
ville et al. 2007; Barker et al. 2021). 

Volcanic geoheritage can also be recognized in distal 
areas far away from volcanoes. These rock successions 
include broad laharic fans and volcaniclastic 
fluvio-lacustrine networks associated with outflow drainage 
networks initiated from central volcanoes (Vallance 2000; 
Gudmundsson 2015; Procter et al. 2021). For example, in 
central Colombia major narrow, deep fluvial channels fre- 
quently captured lahars from Nevado del Ruiz, Tolima or 
Cerro Machin volcanoes in the Quaternary (Lowe et al. 
1986; Voight 1990; Thouret et al. 2007; Murcia et al. 2008) 
(Fig. 10). The volcanic geoheritage element of these sudden, 
large volume sediment inputs into a sedimentary basin is 
commonly overlooked as volcanic geoheritage. 

Intermediate sized eruptions, such as those in many vol- 
canic islands such as in Ambrym, Vanuatu or Savo in 
Solomon Islands, from volcanic islands can produce alluvial 
fans that prograde into adjoining the marine basins forming a 
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Fig. 10 Laharic geosystems are very important locations commonly 
associated with “dark” geocultural elements hence their geocultural link 
can be strong to actual volcanic disasters. Typical laharic facies 
variation from source to distant area from Nevado del Ruiz volcano and 
the surrounding catchment areas provide an excellent model how such 
geosystem can provide the basis of understanding the volcanic 
geoheritage context of the region. Narrow fluvial arteries (a) feed 
volcaniclastic sediments into the local terrestrial basin of the Magdalena 
River (b). In 1985 November a dramatic lahar event carried volcanic 
debris over 60 km length to the alluvial basin, capable to successfully 
move mega-blocks over 10 m in diameter to such distance (c) and 
inundate Almero township killing over 22,000 people. The laharic fan 


unique geoenvironment (Petterson et al. 2003; Németh et al. 
2009). The volcaniclastic volume contributes to landmass 
growth and probably plays an important role in the land- 
scape evolution especially where volcanism is frequent. 
Active volcanic arc regions, such as the Taupo Volcanic 
Zone in the North Island of New Zealand, is an example of 
where volcanism has impacted landscape evolution (Man- 
ville 2002). Here active volcanism has contributed primary 
volcanic and volcaniclastic sediment into the surrounding 
landscape for c.1.8My (Alloway et al. 2005; Pillans et al. 
2005). In that time long sedimentary transport arteries have 
evolved facilitating the transport of pumiceous deposits to 
broad coastal plains and beyond. This frequent volcanic 
activity and the associated large volume pyroclast-producing 
volcanic events have played a significant role in the devel- 
opment of the resultant geoenvironments. Hence, they 
should be considered an important volcanic geoheritage 
element. 

Volcanism commonly produces large volume of lava on 
the surface. Lava flows and their accompanying surface 
textures are distinctive and recognizable. They are directly 


20'km + 


development is clearly visible on the pre-lahar January 1970 (e), the 
immediately after-lahar December 1985 (f) and the current July 2021 
GoogleEarth Pro satellite images. Yellow arrows point to the location 
of Armero township. White arrows point to the initiating point of the 
valley channelized the lahars in 1985 from Nevado del Ruiz (NdR). 
Note the other Quaternary volcaniclastic fans in the region (f) providing 
evidences of the globally significant scale of lahar processes and their 
depositional impact on the terrestrial environment. In conjunction with 
the "dark" geocultural elements as a significant volcanic disaster, the 
region is the perfect location to look at it as a “best” and “most” in 
lahar-associated volcanic geology 


related to the processes that generated them and the 
physico-chemical conditions that existed at the source of the 
magma (Kilburn 2000). Recognizing the volcanic geoher- 
itage of lava flow fields should lead to a search for specific 
facies of the flow field that relate to the source. In extreme 
cases, extensive lava flow fields form large igneous pro- 
vinces, such as those in the Karoo, Columbia River Basalt or 
Deccan (Bryan et al. 2010; de Silva and Lindsay 2015; Sheth 
2018). These all, cover thousands of km? and act as 
landscape-forming volcanic geoheritage elements. The best 
approach to understanding the volcanic geoheritage of these 
mega-features is to develop a "portfolio" based upon the 
observed volcanic facies. 

Overall, we conclude the volcanic geoheritage of Earth is 
an absolute element and should be independent of the pur- 
pose, goal, scope or geocultural perspective from which it 
looked at. Volcanic geoheritage elements need to focus on 
the best possible volcano model and to recognize the fea- 
tures associated with it in a specific region. Identified sites 
can then be used to evaluate their relative significance 
through a preselected purpose-dependent scale and scope. 
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4 Identification and Comparison of Volcanic 
Geoheritage Sites and Developing 
a Volcanic Geodiversity Estimate 


A general workflow outlined in several studies recommends 
the steps to follow to develop a volcanic geodiversity esti- 
mate for a region (Brocx and Semeniuk 2007, 2019; Brocx 
et al. 2021). The model proposed here consists of at least 
three major stages. In stage one it is necessary to define the 
purpose of the assessment that can be linked to the recog- 
nition of the various landscape elements of the volcanic 
geoheritage identified, its special variations and their sig- 
nificance to a pre-defined scope and scale. After setting up 
the method the selection of geosites and/or geomorphosites 
should follow. This work should be conducted after the 
recognition of volcanic geoheritage elements in region have 
been studied and following the conceptual framework out- 
lined in the previous sections. After completion of this stage, 
it is possible to locate key volcanic geosites. These key sites 
are the geoheritage sites, that can also be named as geosites 
or geomorphosites depending on whether the main emphasis 
of the valorization is geology or geomorphology. Then the 
identification of various volcanic geoheritage elements 
suitable to locate volcanic geosites can be undertaken. This 
will involve identifying those places that contribute the most 
to our understanding of the volcanism in the study area, to 
see the best examples of the identified eruption styles, vol- 
cano types, volcano-geoenvironment interaction places or 
impacts to the surrounding biotic and abiotic nature 
including the human society. In the final stage of this pro- 
gression attention should be paid to the management and 
conservation policies that need to be developed to preserve 
the key geoheritage features that form the basis for any 
geotourism and geoeducation initiatives that follow. It is 
imperative the most significant geoheritage elements should 
be identified clearly and linked to the original purpose of 
such research (Fig. 11). 

Geosite valorization, in general, is a process where the 
“most and best" of the identified geoheritage elements are 
selected. The main aim is to develop a workflow model that 
produces objective and reproduceable results. In many cases 
subjectivity can be difficult to abandon so it is considered an 
achievement if the subjectivity can be reduced to a level 
where the resulting selection and associated valorization 
results in more or less the same results for each new study on 
the same location. Recently a series of works has been 
published proposing some sort of geoheritage toolkit that 
helps the user to work out the strategy and the actual val- 
orization of geosites (Brocx and Semeniuk 2007; Brocx et al. 
2021). The toolkit was tailored specifically to volcanoes to 
systematically identify and assess sites of geoheritage sig- 
nificance (Brocx et al. 2021). This toolkit is based on the 
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identification of the (1) conceptual categories of sites of 
volcanic geoheritage significance, (2) the scale of volcanic 
geoheritage features recognized and (3) the recognition of 
the volcano (or volcanic geoheritage features) significance. 
This method provides a very good simple workflow to fol- 
low but also generate some ambiguity or imprecise catego- 
rization. For this reason, it is suggested the toolkit needs 
significant revision that introduces a more precise fit to the 
most recent scientifically backed volcano models (de Silva 
and Lindsay 2015; Marti et al. 2018; Németh and Palmer 
2019). The first two steps of the toolkit involve the identi- 
fication of the volcanic geoheritage elements. In this aspect, 
it is suggested the geotectonic concept is incorporated in 
more detailed way, similar to that suggested for the Earth 
System geoheritage recognition (De Vries et al. 2018). In the 
main part of the geoheritage element recognition of the 
magma to source perspective, petrogenetic aspects, volcano 
model application (e.g., monogenetic vs. polygenetic vol- 
cano types), the volcanic facies model (e.g., for both volcano 
types but also for the lava flow fields) and the interface 
recognition where the volcanism interacted with the geoen- 
vironment (e.g., volcaniclastic sedimentation etc.). As out- 
lined previously, this is a very important stage as it will form 
the basis of any valorization and site selection. In the third 
step each of the recognized volcanic geoheritage elements 
should be measured against the conceptual category sug- 
gested also by Brocx and Semeniuk (2007). Their categories 
focus either the product of volcanism such as the geoform of 
modern volcanoes, the preserved products of ancient settings 
and active volcanic sites. In the fourth step the scale of the 
geoheritage features should be determined and valorized 
(e.g., using its representativeness) while in the fifth step the 
significance of the volcanic geoheritage features should be 
evaluated. The final outcome of the entire valorization pro- 
cess should be a decision on the level of conservation or 
management that is applied to the location. 

While this toolkit sounds like a reasonable first order 
proxy, the details contain some issues in particular the def- 
inition of the significance of the geoheritage feature. The 
techniques most commonly used are almost exclusively 
linked to an artificially defined spatial value which may be 
local, regional or global (Brocx and Semeniuk 2007). Here it 
is suggested that the significance of specific feature should 
initially be referenced to the scale of the identified volcanic 
geoheritage feature. For instance, the significance of a vol- 
canic geoheritage feature identified in relationship with a 
monogenetic volcano should be measured against the indi- 
vidual feature itself, i.e. within a single scoria cone or tuff 
ring (e.g., this could translate to local), across the volcanic 
field (e.g., this could be regional scale) or volcanic field to 
volcanic field within a geotectonic situation (e.g., this could 
translate to international scale) or across the entire globe’s all 
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scale. 


the same phenomena. 


Fig. 11 Modified volcanic geoheritage toolkit that is based on the 
concept of Brocx et al (2021). One of the main differences in this 
modified version that it takes the scale measured to the specific volcanic 
geology problems, process and measurable features. It is also better fit 
to the volcanic facies models and the interaction between volcanism 
and the background sedimentary processes. The following "Steps" 
suggested to follow: 1. Identification of volcanic geoheritage elements 
—some key elements listed. 2. Identification of the significance of 
volcanic geoheritage elements including textural and process associated 
features volcanism—some key approaches listed. 3. Identification of 


volcanic fields (e.g., this could be the global scale equivalent 
category). In a similar way we could apply the same volcano 
geology-based logic to polygenetic volcanoes such as 
(1) within the same volcano, (2) within the same volcanic 
province and/or volcanotectonic regime and (3) across the 
globe. 


Step 1 - Identify Geoheritage Elements Following Key Aspects of Volcanism - Fig. 8 
[level of Step 1 and 2 in Brocx et al. 2021] 


Eruption Intensity - Eruption Style(s) - Monogenetic versus Polygenetic - Volcano 
TYpe(s) - Landscape Element (calderas - stratovolcano - voclanic field) - Geochemistry 
- Geotectonic Situation - Volcanic Facies - Volcanic Geology Model 


Step 2 - Identify the Volcanic Geoheritage Site Significance from TEXTURAL and PROCESS perspective - Fig. 5 


[level of Step 3 in Brocx at al. 2021] 


Use Textural versus Process Terms - Fine Pyroclasts - Minerals -Vesicles - Coarse Pyro- 
clasts - Volcanioc Landforms - Volcanci Province - Lateral Voclanic Facies - Versitcal 
Voclanic Facies - Volcanic Stratigraphy - Pyroclastic Density Currents - Block-and-Ash 
Flows - Ballistics - Jointing - Peperite - Magma Mingling - Magma Mixing - Post-eruptive 
Processes - Inra-Eruptive Facies - Inter-Eruptive Facies - Volcano Collapse - Volcanic 
Debris Avalanche - Lahar - Volcanogenic turbidite 


Step 3 - Identify Geocultural Aspects (including Indigineous perspective) and Additional Values - Fig. 4 


[level of Step 4 in Brocx at al. 2021] 


Elements relevant to volcanism: “Brigth” Geocultural Elements - "Dark" Geocultural 
Elements - Oral Traditions - Village Economy - Dance - Music - Tatooing - Mythology - 
Legends - Cosmovision - Literature - Art - etc 

Values in respect of tourism (infrastructure, accomodation, accessibility etc) 


Step 4 - Measure the Significance according to the Volcanic Phenomena Own Scale - Fig. 7 


[level of Step 5 in Brocx at al. 2021] 


Measure the identified geoheritage elements within the same phenomena's own internal 


Measure the identified geoheritage elements within the scale of the processes generated 


Step 5 - Grade the Volcanic Geosites and the Whole Volcanic Study Area to Conservation Status 


[apply geodiversity estimation - Flg. 6] 
[level of Step 6 in Brox and Semeniuk 2021] 


Definition of the level of conservation and/or geotouiristic body from local conservation 
sites to UNESCO Global Geoparks or World Heritage Sites. 


the geocultural elements (including indigenous aspects) associated with 
the identified volcanic geoheritage elements. Recognition of key 
additional values from the perspective of the purpose of the valorization 
— some key element listed. 4. Measure the significance of the volcanic 
geoheritage elements within the volcanic phenomena common scales. 
5. Grade the identified volcanic geosites and create a systematics for the 
general purpose of the analysis. Define the level of conservation and 
protection. Please note that his is a theoretical approach and the basic 
concepts can be fine-tuned to the volcanic terrain under investigation 


The scale of the geoheritage feature (step 4) is something 
that is difficult to comprehend, but intuitively a category that 
is likely related to the processes forming the various iden- 
tified geoheritage elements and their scale where the 
appropriate evidence could be identified. This step could be 
further enhanced using a volcano model that is linked more 
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directly to the conceptual framework of all volcanism 
manifest at various scales with various products such as 
magma generation (mineralogy, chemistry), magma trans- 
portation (various microtextural features, magma vesicula- 
tion and fragmentation (bubble textures,  microlite 
distribution patters, pyroclast shapes and vesicularity etc., 
pyroclasts morphology), transportation and deposition 
(bedding features, transport indicators, outcrop-scale facies 
association, field-wide associations) and volcanic 
edifice/complex/geoform evolution (facies associations, 3D 
architecture, landscape scale features). It is evident that the 
suggested line of observable and measurable features link to 
specific observation scales that are more or less aligned to 
the suggested macro, mezzo and micro scale approach by 
Brocx and Semeniuk (2007). The advantage of the approach 
suggested here is that this method directly links to the vol- 
canic processes generated by the identified volcanic geo- 
heritage elements. 

A recent study of the Garrotxa Volcanic Field, Catalunya, 
provided a very workable method to test how such an 
approach may work (Planaguma and Marti 2020). The pre- 
sented method is not structured exactly as suggested in this 
work, but in the geosite identification and valorization stage 
naturally follow similar techniques outlined in this chapter. 
The volcanic geoheritage recognition has been based on the 
recognition of volcanic deposit types, produced by effusive 
and explosive processes associated with Strombolian-style 
explosive, violent Strombolian explosive and phreatomag- 
matic explosive eruptions (Planaguma and Marti 2020). 
From the list of volcanic geoheritage features it is evident 
that the studied volcanic field hosts most of the expected 
geoforms that form by the eruptive processes identified by 
volcanological research targeting volcanic fields over the 
past 100 years (Planaguma and Marti 2020). In the identi- 
fication of the key volcanic geosites the conservation aspects 
played an important role following the notion that without a 
good initial conservation plan all the geosite inventory 
builder or volcanic geoheritage element documentation 
would just remain a theoretical work without significant 
effect on the planning and development of the region. From 
this, mostly economy-driven reason the volcanic geosite 
identification locates the most interesting outcrops and 
illustrate the great variety of the eruptive products in the 
field. The selected volcanic geosites need to, therefore, 
represent the main and most significant elements of the 
volcanic field. Additional geosites were selected mostly from 
their “additional value” perspective for activities, conditions, 
accessibility, land-use status, immediate surroundings, space 
and fragility (Planaguma and Marti 2020). The many aspects 
were exclusively centered around conservation measuring 
the current conservations state, the site abundance or 
uniqueness, its type, its link to other natural phenomena and 
diversity elements. Each track followed a three-point 
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valorization model, and the final result represented the level 
of conservation interest (Planaguma and Marti 2020). This 
method is very similar to the most common geosite assess- 
ment methods (GAMs) used elsewhere in other regions, 
predominantly from a geotouristism point of view (Vujicic 
et al. 2011; Moufti et al. 2013b; Bratic et al. 2020; 
Cuevas-Gonzalez et al. 2020; Szepesi et al. 2020; Ibanez 
et al. 2021; Pal and Albert 2021). In summary it can be 
concluded that these methods are very specifically designed 
for a specific purpose, namely geotouristism and less com- 
monly geoconservation purposes. Either way the valoriza- 
tion is biased toward the utility values of the sites and tend to 
be detached from the geoheritage site volcanic geoheritage 
values. 

Here it is suggested a modified toolkit be used to valorize 
the volcanic geoheritage sites (Fig. 11). This toolkit would 
put a greater emphasis on the correct identification of the 
geotectonic situation, Earth System position, volcano type 
recognition as well as the application of the volcano model 
and volcanic facies to define key elements of the processes 
resulting in specific volcanic geoforms. In short, the higher 
and more precise usage of volcanic science applied to 
establish the volcanic geoheritage elements is recommended 
to generate a more science-aligned volcanic geoheritage 
model to identify key volcanic geosites. The updated toolkit 
then should operate within a more realistic conceptual cat- 
egories, a better internal scale and volcanic process-defined 
significance categories. 

Applying the above principals, we also can get closer to 
developing a better geodiversity (Gray 2018a, b; Zwolinski 
et al. 2018; Fox et al. 2020; Dias et al. 2021; Wolniewicz 
2021) recognition method applicable to volcanic features 
(Dóniz-Páez et al. 2020; Quesada-Román and Pérez-Umaña 
2020; Guilbaud et al. 2021; Vórós et al. 2021). Defining 
geodiversity itself is a subject that is under debate and 
recently evolving fast (Brocx and Semeniuk 2019, 2020; 
Gray and Gordon 2020), hence its application to volcanic 
regions still in infantry. For geodiversity estimates for vol- 
canic regions the best possible available volcanology map is 
needed. A volcanology map should fulfil the expectations of 
geological map production with an additional feature that it 
1s also specific to what a volcanic system can produce. 
Volcanic processes occur, in general, much faster than 
normal sedimentary processes, hence a volcanic terrain will 
contain a larger number of geological features that may 
change over much shorter distances at greater rates than 
other geological features such as those in a siliciclastic 
marine sedimentary system (Németh and Palmer 2019). 
Hence, the volcanic geodiversity is expected to be large in a 
given area in comparison to other normal sedimentary suc- 
cessions. This may not be visible on a standard geological 
map at a scale 1-50,000 or smaller. The problem we face 
here is similar to the problem of geological mapping and to 
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find the best scale to visualize, in map format, volcanic 
eruptive episodes. This paradox can be resolved by using 
volcanic facies to identify volcanic geoheritage elements. 
The scale of the study sites in a typical polygenetic volcano 
such a strato, compound or caldera volcano allows the typ- 
ical volcanic facies and volcano geology concept to adapt for 
geodiversity estimates. Within volcanic fields the size of 
individual volcanoes could be too small to capture appro- 
priately the various geodiversity elements associated with 
monogenetic volcanism. On other hand, however, geodi- 
versity estimates can be examined in a larger scale that fits 
the spatial scale of a typical monogenetic volcano (Smith 
and Németh 2017). In this respect the scope of generating 
geodiversity estimates for monogenetic volcanism should be 
identified and measured to the usual spatial scales of such 
volcanoes. This scale problem, however, will likely affect 
the comparison or fitting into a single geodiversity estimate 
map a volcanic terrain that consists of both monogenetic and 
polygenetic volcano types. To test this problem and develop 
a simple and workable method to handle this spatial dis- 
crepancy has not been done yet and signifies a knowledge 
gap that future research should target. In other hand, small 
monogenetic volcanoes can be treated as a single geodi- 
versity “source” based on detailed studies of identification of 
the number and weight of geoheritage elements associated 
with the specific volcano types identified. 


5 Link Between Volcanic Geoheritage 
and Other Geoheritage Elements 


Following the conceptual framework of volcanic geoheritage 
outlined in previous sections, it can be expected that there 
will be a connection of the identified volcanic geoheritage 
elements and the non-volcanic geoheritage elements asso- 
ciated with it. Volcanoes are part of complex sedimentary 
systems, geoenvironments and geotectonic settings (Németh 
and Palmer 2019), hence they are a vital part of the overall 
geoheritage of any region. Separating volcanic geoheritage 
from other heritage elements is sensible only if (1) the 
studied terrain is dominated by volcanic geoforms and vol- 
canic eruptive products or (2) the study is specifically tar- 
geted to understand the volcanic geoheritage elements and 
utilize them for other purposes such as conservation, geo- 
tourism or geoeducation. The separation of volcanic geo- 
heritage and their treatment as a separate entity could lead to 
similar data and map sets common in the so-called thematic 
map series dealing with specific geospatial problems. The 
volcanic geoheritage, in this perspective, should be treated as 
a vital part of the total geoheritage scene and provide clear 
interlinkages to the other geoheritage elements it is embed- 
ded in. It is very important to follow the volcano geology 
framework outlined in previous sections as volcanoes 
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commonly produce large volumes of eruptive products that 
eventually accumulate in sedimentary basins and provide 
unique scenarios such as various siliciclastic sedimentary 
rocks formed in sedimentary basins influenced and impacted 
by various types of volcanism. The role of volcanism on 
such sedimentary basin evolution is likely associated with 
those systems where prolonged periods of volcanism pro- 
duces a relatively steady volume of volcanic detritus into a 
sedimentary basin (Németh and Palmer 2019). In such sce- 
narios the geoheritage elements will be associated by normal 
sedimentary processes but the appearance of the resulting 
rocks could be distinctly different due to the volcanic origin 
of their constituent elements. Strictly speaking in such 
context, the identified geoheritage elements is not a volcanic 
one. Many greywacke basins would fall into such a category, 
where the sedimentary basin sedimentation is influenced by 
volcanism and a specific type of greywacke composed of 
volcanic lithics in a sand or finer grain sizes is found (Challis 
1960; Roser and Grapes 1990; Laumonier 1998; Benedek 
et al. 2001; Floyd 2001; Bennouna et al. 2004; Bandopad- 
hyay 2005) (Fig. 9). The geoheritage elements of such a 
scenario are more likely associated with the deep marine 
sedimentary processes than the distal volcanism itself. There 
will be a transition from deposits dominated by sporadic 
seafloor volcanism to medial eruptive products intercalated 
within siliciclastic sedimentary successions. In this per- 
spective such locations can and should be viewed as a vol- 
canic geoheritage element (Fig. 9). Moreover, a normal 
greywacke basin produces a thick pile of very monotonous 
rocks often used for geological terrain recognition (Michaux 
et al. 2018) that can change their appearance and macro and 
microtextures when such volcanic interbeds are present, 
hence such sites can form significant landscape features that 
may stand out and can be utilized for geotouristism or 
geoeducation purposes and even be part of a focused con- 
servation effort. To define the boundary between when we 
call a setting a volcanic geoheritage element or a normal 
geoheritage element should follow the processes associated 
with volcaniclastic sedimentation such as the recognition 
and the number of incidents of primary eruption-fed pyro- 
clastic successions within the non-volcanic background 
sediment. The volcanic facies model recognizes geoheritage 
elements of mixed volcanic and normal sedimentary settings 
are important and should be treated with great care as they 
can be utilized for geoeducation and geotouristism. 


6 Geocultural Aspects on Volcanic 
Geoheritage 


It is a common and recurrent argument is that the geoher- 
itage elements should contain the geocultural aspects of the 
recognized features (Reynard and Giusti 2018; Kubalikova 
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2020). In the conceptual framework presented here it is 
suggested that the geoheritage elements be distinctly sepa- 
rated from any geocultural aspects including indigenous or 
alternative cosmovisions. The geocultural and the indige- 
nous aspects of geoheritage sites, however, should be 
acknowledged in the geosite recognition and/or the val- 
orization of such sites (Gravis et al. 2017, 2020). In addition, 
indigenous values are recently has been considered as 
measurable aspects of geoheritage, however the way how 
those should be included in any valorization method is 
currently not known. Perhaps indigenous values could play 
vital roles in geoconservation where living indigenous cul- 
tures act on the land or where archaeological sites are 
abundant (Turner 2013; Lim 2014; Clifford and Semeniuk 
2019; Lewis 2020). This process, however, is more con- 
nected with the establishment of a complex valorization 
structure for geotouristism or geoeducation and should also 
incorporate geoconservation strategies. Currently geosite 
assessment methods underutilize the indigenous aspects of 
geosites such as exiting culturally significant sites or oral 
traditions associated with a region (Fepuleai et al. 2017, 
2021; Reynard and Giusti 2018). Geodiversity estimates 
where distinct geoheritage elements are evaluated and 
counted within their spatial extent they commonly yield 
average or below values across a region especially when 
geological features are evenly distributed across the known 
geological assets. In such regions geosites that are significant 
from a geotouristism or geoeducation perspective should be 
incorporated into the available geocultural dataset, including 
the region’s indigenous human settlement history. Within 
the framework of volcanic geoheritage, rich geocultural 
aspects of specific sites can be recognized either by the 
positive affect volcanism had on the human societal evolu- 
tion or the negative, often destructive power, volcanism 
posed on the human beings through volcanic disasters 
(Cronin and Neall 2000; Scarlett and Riede 2019). The dark 
geocultural impact is a measurable fact that can be collated 
from participatory methods applied to understanding the oral 
traditions linked to volcanism as well as being part of cul- 
tural activities of everyday life and ritual-driven activities 
(Nunn et al. 2006, 2019; Cashman and Cronin 2008; 
Cashman and Giordano 2008; De Benedetti et al. 2008; 
Swanson 2008; Németh and Cronin 2009; Donovan 2010; 
Scarlett and Riede 2019; Wilkie et al. 2020). Impact of 
volcanism on the society manifest very diverse cultural 
responses hence volcanism commonly need to look from the 
“living with volcanoes” aspect that all together can form an 
intact and internally coherent knowledge system, cultural 
traditions or living practices all together can form a distinct 
geocultural aspect of volcanism (Kelman and Mather 2008). 
To explore and harvest the accumulated knowledge for a 
purpose of developing strategies to preserve this geocultural 
entity interconnected geoscientists are needed whom able to 
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find the link among various knowledge systems and able to 
be part of participatory methods and co-development of 
development toward geoeducation, geoconservation or 
geotourism goals (Cronin et al. 2004a, b; Nahuelhual et al. 
2016; Petterson 2019; Marin et al. 2020; Fepuleai et al. 
2021). It is recommended a more structured approach and 
standalone treatment of the geocultural aspects of volcanism 
be developed to enable better comparison across regions and 
human societies. It is also a matter for debate how we treat 
indigenous knowledge and record natural phenomena asso- 
ciated with volcanism. One can argue that indigenous 
knowledge extraction differs from a so-called western data 
collection and could contain knowledge elements that differ 
from common western scientific knowledge. Such an issue is 
a real problem in regions where the western scientific 
knowledge of a volcanic terrain is limited, for instance by 
the pure lack of scientific research on the features. In such 
places it is particularly important to incorporate the tradi- 
tional knowledge about volcanism and to utilize it within the 
earlier outlined volcanic geoheritage framework. Ideally 
such an approach should be followed in every volcanic 
terrain with multicultural and indigenous links. 

In summary, geocultural aspects are additional values that 
can be decisive in geotouristism, geoconservation, rural and 
urban planning and geoeducation (Dóniz-Páez et al. 2011; 
Paulo et al. 2014; Riguccio et al. 2015; Zangmo et al. 2017; 
Megerssa et al. 2019; Beltran-Yanes et al. 2020; Hlusek 
2020; Schwartz-Marin et al. 2020; Vizuete et al. 2020; 
Yepez Noboa 2020). Geocultural values play an important 
role in finding a sustainable approach for human society to 
live with volcanoes. As volcanoes equally provide a lifeline 
to human beings (e.g., good soils, agriculture, spiritual 
aspects) as well as destruction (e.g., volcanic catastrophes) 
the interaction between human society and volcanism 
function as a key element in understanding our environment 
hence it has huge heritage value. Especially as frequently 
active volcanoes such as polygenetic stratovolcanoes on 
convergent plate margin settings function create landforms 
the human population had to learn to live with. In this 
symbiotic relationship volcanism can be deeply embedded 
not only in the cultural practices and legends but also in 
everyday life activities. To a certain extent, human migra- 
tions are triggered, or evolution of civilizations heavily 
altered by volcanic eruptions hence volcanism plays a sig- 
nificant role in the development of a cultural landscape over 
a volcanic terrain (Plunket and Urunuela 2005; Pardo et al. 
2015, 2021). It is probably a logical conclusion that geo- 
cultural aspect of volcanism in this regard are governed by 
the natural processes of volcanism that determine how 
societal evolution takes place. Determining the effect of the 
direct and unseparatable elements of volcanism on a region 
is a difficult problem. Landforms and geological processes 
have often shaped the cultural evolution of entire regions 
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hence one can argue that this symbiotic interrelationship 
between volcanism and society should be included in the 
volcanic geoheritage element identification (Balmuth et al. 
2005; Cecioni and Pineda 2006; Streeter et al. 2012; Black 
et al. 2015; Zeidler 2016; Oppenheimer et al. 2018). Here it 
is suggested that we separate this element as volcanism 
could have taken its course governed by the natural pro- 
cesses regardless of the existence of any society nearby and 
in sensu stricto volcanic geoheritage is the heritage of the 
natural processes generated them rather than a reflection of 
the human perception, cultural activity, socio-economic 
development. For this reason, the usage to treat this interface 
between natural (abiotic) and human (societal) heritage 
elements separately and define it as geocultural element is a 
very practical notion. In this way we can separate the indi- 
vidual elements associated with volcanism from its societal 
perspective and impact to make a clearer and easier to 
develop valorization suitable for geoheritage site identifica- 
tion. The validity of this is shown very well with the intra- 
plate monogenetic Auckland volcanic field. This volcanic 
field consists of at least 53 individual monogenetic volca- 
noes with the majority initiated by a brief explosive 
magma-water interaction phase that changed to more mag- 
matic explosive and effusive stages later in their eruption 
(Kereszturi et al. 2014, 2017; Hopkins et al. 2021). This 
trend is clearly evident in those regions where the available 
external water diminished quickly during the eruption pro- 
ducing a higher magma volume and rate resulting in vol- 
canic landforms consisting of large complex scoria cones 
with sizeable craters. These scoria cone complexes are 
commonly located in slightly elevated regions and form 
visible landforms about 100 m above the coastal plains and 
the nearby harbors (Kereszturi and Nemeth 2016). Such 
scenes would have captured the attention of early Maori 
settlers who utilized them as defendable natural fortresses 
(Davidson 1993). The surrounding ash plains provided 
excellent volcanic soils for early horticulture and agriculture 
supporting Maori communities and their early urbanization 
for about 300 years after their arrival in Aotearoa (Davidson 
2011). While estimates on total population associated with 
fortified cones provide large numbers of over several thou- 
sands, some archeology-based estimates suggests nearly a 
magnitude less, around several hundreds of population 
within association to a single cone (Fox 1983). Today, these 
scoria cone landforms are iconic landmarks, and they are 
strong geocultural sites linking Maori cultural and societal 
practices to their land. These scoria cones, while they are 
visually attractive, rarely contain exposed outcrops to see 
their geological buildup, but even if we have such outcrops, 
the scoria cones itself are just like any other scoria cones 
anywhere and in any geotectonic settings. The volcanic 
geoheritage elements of such scoria cones are restricted to 
basic geological features and not particularly unique or 
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outstanding (Nemeth et al. 2021b). However, the indigenous 
and geocultural aspects of the scoria cones provide signifi- 
cant values and give extra protection status from a conser- 
vation perspective and in recent time from geotourism 
aspects. These cones are now under special conservation and 
land use policies, an excellent outcome of the heritage notion 
[https://www.maunga.nz/]. However, in the southern part of 
greater Auckland city, the geological conditions allowed for 
the formation of monogenetic volcanoes that are far more 
interesting and unique from a volcanological perspective 
(Agustin-Flores et al. 2014), in fact these are examples of the 
type of explosive eruptions that could occur to in now highly 
populated area of Auckland in the near future (Nemeth et al. 
2021b). The volcanic architecture, their volcanic rocks and 
the information we could gain from these volcanoes are 
fundamental to our better understanding of monogenetic 
volcanism in Auckland and beyond. The volcanic geoher- 
itage elements are enhanced by their geocultural aspects 
making these locations geologically more valuable because 
their geodiversity is greater than other volcanoes currently 
argued as high geoheritage value sites. Currently it is very 
difficult to argue they come under better protection policies. 
This is further exacerbated by strong urban growth pressure 
which will see valuable geocultural sites vanishing with 
rapid speed and without a policy change it is unlikely that 
they can be rescued for the future (Nemeth et al. 2021b). 
While significant effort over recent years has demonstrated 
the volcanic geoheritage elements of these sites and how 
those could be built into volcanic geosite identification 
methods, in practical sense this work has fallen on deaf ears 
and had little impact on policymaking. 

The Auckland case also highlights the problem that vol- 
canic geoheritage elements are underrated despite a better 
volcanic hazard model being successfully created and 
communicated at the UNESCO IGCP 679 project titled 
“Geoheritage for Geohazard Resilience”. The gradually and 
rapidly vanishing sites in Auckland are especially important 
locations for such programs to adopt. 


7 Geoconservation in the Light of Global 
Perspective of Volcanic Geoheritage 


Above we outlined the importance of the geocultural ele- 
ments of volcanism and demonstrated that clear separation 
of volcanic geoheritage elements and their geocultural 
aspects is needed to better identify their fundamental prin- 
ciples. This notion is probably a valid conceptual framework 
for geoconservation as well. From a volcanic geoheritage 
element perspective, geoconservation should clearly target 
the identified geoheritage elements. Geoconservation itself 
should serve as an internally coherent method to identify the 
volcanic geoheritage sites that are from the pure volcanic 
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geoheritage perspective considered to be unique. To do this, 
the scope and scale concept is seemingly a valid approach. 
The scope in this respect should be something that embraces 
the identified volcanic geoheritage elements, for instance 
base surge beds in a tuff ring. The scale in this aspect is 
defined by (1) the hosting volcanic feature (like a tuff ring in 
the example before) hosting the volcanic geoheritage ele- 
ment, (2) the volcanic field itself where the tuff ring is 
located, (3) the volcanic fields that are part of the same 
volcanic province or geotectonic setting and (4) the global 
scene of Earth. As space exploration is bringing more and 
more new data about planetary geology, this logic could later 
on be expanded to an interplanetary scale. 

The logical architecture of conservation will create a 
workable and transparent, scientifically based systematics of 
volcanic geoheritage that can provide good raw data for 
valorization, applying all those methods so far developed in 
many places (e.g., Geosite Assessment Methods- GAMs 
methods). The valorization then could also apply advanced 
technologies such as drone, LiDAR or other remote sensing 
data for data acquisition or GIS technologies for geospatial 
analysis of identified values to create thematic maps such as 
geoheritage intensity, geoconservation susceptibility or 
geoeducation value. 


8 Volcanic Geoheritage as Basis of Geopark 
Concept 


Volcanic geoheritage is a significant and unique element of 
potential conservation strategies as outlined in previous 
sections (Nemeth et al. 2017). Volcanic geoheritage can 
experienced by the fascinating processes of volcanic erup- 
tions, the dark geocultural aspects through past and current 
volcanic disasters, as well as the huge impact volcanoes have 
had on human society. Together these make volcanoes an 
important element to be included in any formal conservation 
strategies and broader geoeducation programs. In addition, 
volcanoes and their volcanic geoheritage provides a foun- 
dation on which to utilize those geoheritage elements in 
formal and informal geoeducation programs targeting the 
aim of making society more resilient for volcanic disasters 
and better understanding of the role of volcanism in land- 
scape evolution (Migon and Pijet-Migon 2016; Rapprich 
et al. 2017; Szepesi et al. 2017; Fepuleai and Nemeth 2019; 
Dóniz-Páez et al. 2020). Geoparks are a relatively new 
concept that became a globally significant avenue to pro- 
mote Earth Sciences to a broader community, to act as 
engine of geotourism and something that can contribute to 
the local development of a region, hence bear values in 
respect of economical sustainability (Henriques et al. 2011; 
Lim 2014; Ruban 2017; Escorihuela 2018; Macadam 2018). 
The UNESCO World Heritage network recently outlined 
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and identified the knowledge gaps within the framework of 
the World Heritage site listing while also making significant 
effort to promote geosciences through a global network of 
geoparks [https://en.unesco.org/global-geoparks]. While the 
World Heritage concept is based on the “most and best" or 
outstanding universal values concept, geoparks are more like 
a "bottom to top" approach to promote geosciences and 
protect their geoheritage elements (Henriques et al. 2011; 
Turner 2013; Henriques and Brilha 2017; Catana and Brilha 
2020). Geoparks are normally expected to grow out from 
local community works and form part of a sustainable 
development design where the abiotic nature forms a core of 
such works (Brilha 2018b; Catana and Brilha 2020). In this 
concept ecosystem services can play an important role to 
define, pronounce and promote the "services" abiotic nature 
provides for the human society (Gray 2012; Gordon and 
Barron 2013; Gray 20182, c; Fox et al. 2020). This also can 
be expressed in the form of direct economic figures and feed 
concepts to rural and urban development planning. Geoparks 
in this framework can form a scientifically well-designed 
and supported avenue where geoheritage elements form the 
base of conservation and education, largely serving the goal 
of transfer knowledge to everyone about our abiotic nature. 
The level of recognition, which is somehow associated 
with the scope, scale and significance of the identified 
geoheritage elements can be expressed in the formal hier- 
archy of geoparks from locally protected conservation lands 
to be part of the UNESCO Global Geopark Network [https:// 
en.unesco.org/global-geoparks]. Among UNESCO Global 
Geoparks many of the properties are strongly linked to some 
single or set of volcanic geoheritage elements or some 
additional component which would fall in the geocultural 
aspects of the region. Recently UNESCO Global Geoparks 
with pure volcanic geoheritage as a center of their core 
protection and education program are also common. 
Geoparks with strong link to volcano geology are the 
perfect avenues to disseminate geological concepts associ- 
ated with volcanic geohazards. The variety of geoparks in 
the global scale also provide an opportunity to interlink 
geoparks with similar volcanic geological geoheritage ele- 
ments. Such method has been proposed in a far more direct 
way such as the European Volcano Road (Abratis et al. 
2015) or the Pannonian Volcano Road (Harangi 2014) as 
potential examples. Volcanic geoheritage of extinct volca- 
noes is a common basis of geotourism development and 
subject of geoconservationa cross continental Europe 
(Migon and  Pijet-Migon 2016; Pijet-Migon 2016; 
Pijet-Migon and Migon 2019, 2020; Megerle 2020a). The 
benefit is to focus on educationally well-designed inter- 
linkages so that communities living in currently inactive 
volcanic regions can get direct knowledge from those similar 
volcanic geoheritage regions active today. This can help the 
people to embrace and understand the volcanic processes as 
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well as the landscape evolution perspective of volcanoes. 
This is particularly important when we are looking at vol- 
canic geoheritage properties of old and young settings. For 
instance, in regions like Auckland the young age of the 
volcanoes provide little opportunity for the people to “look 
inside” their volcanoes, hence transferring knowledge such 
as magma fragmentation or conduit processes are problem- 
atic. While interlinking a place like Auckland with locations 
where eruptive products of similar but much older volcanics, 
such as those in Central Europe exists, can help to under- 
stand what to envision, and more importantly, what to expect 
from a future eruption where magma fragmentation might 
occur. There is a huge age range, compositional, geody- 
namic and geoenvironmental settings within monogenetic 
volcanic fields formed across the Earth in the last 600 mil- 
lion years (Nemeth 2016a, b, 2017). These provide oppor- 
tunity to study similar volcanic systems, with different 
exposure levels, focusing on different aspects of the same 
style of volcanism. Similar interlinkages are available for 
polygenetic volcanoes such as stratovolcanoes, or caldera 
volcanoes. To date, there has been very little direct attempts 
to do this. 

The recognition of a region as geopark needs strong 
community support, strong scientific background and 
knowledge, and very clear valorization methods to see where 
the real values and what are the key geosites. In this work, 
the valorization from tourism or conservation perspective 
can play important role in manifesting the geoheritage ele- 
ments in a workable framework. Geocultural aspects play 
key roles, especially in indigenous territories, where oral 
traditions, legends, cultural activities also exist and their 
preservation as well as passage through generations could 
function as a driving force to generate a geopark. Geoparks 
in this aspect should reflect true transdisciplinary nature and 
explore the identified geoheritage elements link, association 
or influence on the archaeological aspects, traditions, and 
contemporary cultural activities, including lifestyles or liv- 
ing practices (e.g., village culture, agriculture, culinary tra- 
ditions etc.). 

Overall, geoparks could be the engines of sustainable 
development and a contributor to inclusive conservation and 
education methods that point well beyond of the geological 
heritage itself. Volcanic geoheritage through, the experi- 
ences of volcanism in the past, is also a significant part of the 
conceptual architecture of geoparks. 


9 Conclusion 


In summary, volcanic geoheritage elements are those 
directly linked to the physical and chemical processes 
responsible to any volcanism. The special type of volcanic 
geoheritage elements reflects the conceptual volcano model 
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framework such as the magma segregation, magma trans- 
portation from source to surface, the magma vesiculation, 
crystallization and fragmentation processes, the eruptive 
products transportation and deposition modes (either 
explosive or effusive the process) and the entire set of pro- 
cesses responsible by the remobilization, redeposition and 
reworking of volcanic material on the surface. Volcanic 
geoheritage elements can be categorized using general vol- 
cano models such as geodynamic settings, monogenetic 
versus polygenetic nature and chemical compositional dis- 
tinction as well as the typical volcano architecture and 
associated volcanic facies. Only by applying complete vol- 
cano models to identify volcanic geoheritage elements will 
lead the correct view of a volcanic terrain be understood and 
scientifically established. Volcanic geoheritage elements are 
often viewed as independent from the volcanic region’s 
geocultural and it is suggested they be treated separately to 
help identify specific volcanic geosites mostly from geo- 
touristic, geoconservation or geoeducation purposes. Geo- 
conservation strategies are also recommended to embrace 
this concept as this way will guarantee the strong scientifi- 
cally established backbone of specific conservation strate- 
gies. And finally, geoparks can be major and most significant 
conservation sites where volcanic geoheritage elements and 
their identified sites should form a logically designed and 
carefully interlinked array of concepts where we can transmit 
information to the general audience through various media 
including modern technologies (e.g., augmented reality, 
virtual reality, remote sensing, GIS etc.). 
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Abstract 


The island of El Hierro is the youngest of the entire 
Canary archipelago, with an age of about 1.56 My. 
However, it has had a rapid growth, which has caused that 
from its first stages of formation it has had important 
collapses. Since submarine volcanism, El Hierro has gone 
through different phases of formation such as the 
construction of the Tiñor Building, later that of the El 
Golfo Building, then came the Rifts volcanism and finally 
the historical volcanism. This is the geological context of 
an island whose formation process has not yet finished. 
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1 Formation and Large Units of the Relief 
Island 


The Canary Islands originated more than 70 My ago from 
intraplate volcanism in the African Plate (Anguita and 
Hernán 2000). For decades their formation has caused 
numerous controversies on which the scientific community 
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has not fully agreed. In general terms, they can be divided 
into two types of ideas: thermal and tectonic. The thermal 
ones are related to a mantle plume, also called “hot spot" 
(Anguita and Hernán 2000). The second idea states that 
tectonics plays a major role in the origin of the islands. 
These theories are the propagating fracture and uplifted 
block theories. 

The hot spot or mantle plume theory extrapolates the 
model of creation of Hawaiian volcanism to Canary vol- 
canism, that is, a magmatic flow that is injected from the 
mantle to the crust, forming the islands in the vertical of this 
focus (Sandoval-Velasquez et al. 2021). Among the thermal 
theories is the theory of the blob or “bubble” model, which is 
based on a series of magma droplets or bubbles that underlie 
the archipelago, which are injected into the lithosphere to 
produce volcanic events. This theory would explain the 
magmatic cycles that have occurred in the Canary Islands, as 
well as the geochemical diversity, which would have a 
simple explanation as a consequence of the heterogeneity of 
these bubbles (Anguita and Hernán 2000). 

On the other hand, the propagating fracture theory links 
the formation of the islands to the Moroccan Atlas Moun- 
tains through a shear fault. The uplifted block theory argues 
that compressional tectonics led to crustal thickening, 
causing the uplift of the blocks that formed the islands 
(Sandoval-Velasquez et al. 2021). Finally, the unified model 
tried to integrate tectonic and thermal theories to explain the 
complexity of the formation of the Canary Islands 
(Sandoval-Velasquez et al. 2021). 

El Hierro is the youngest island of the whole Archipe- 
lago, with an age of about 1.56 My, which corresponds to 
submarine construction, although the oldest subaerial rocks 
have been dated at 1.12 My (Gee et al. 2001). The formation 
of the island is considered to have occurred rapidly due to 
the intense processes that have taken place (Gómez Sainz de 
Aja et al. 2010). One of the singularities of El Hierro is the 
clarity of massive lateral landslides and rift volcanism. These 
facts have resulted in a star-shaped island with structural 
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axes every 120°. The first volcanic landmark was the Tiñor 
volcano, which was active between 1.2 and 0.88 My ago 
(Guillou et al. 1996; Barrera Morate and Garcia Moral 
2011). The rapidity of its formation produced instabilities in 
the platform that led to gravity sliding (Gómez Sainz de Aja 
et al. 2010). 

This was followed by a significant period of inactivity 
and then, between 0.54 and 0.17 My, a second stage of 
formation began in the Tifior slide basin, corresponding to 
the eruptions of the El Golfo volcanic edifice. The materials 
ejected by this volcano completely buried the Tiñor landslide 
scar and a large part of the preceding volcanic edifice. At the 
end of this new stage, there were two volcanoes separated by 
an almost vertical landslide scarp (Carracedo et al. 2001). 

Subsequently, rift volcanism began, a stage characterized 
by several events. The emission centers are grouped in the 
main structural axes of the island, which are more concen- 
trated in the center and south, and are more dispersed on the 
east and west flanks. Between 0.5 and 0.3 My was the El Julan 
gravity slip (Carracedo et al. 2001), of which there is no evi- 
dence on the surface, but there is evidence on the ocean floor. 
Between 0.54 and 0.17 My ago, a new lateral collapse took 
place to the northeast, at San Andrés (Day et al. 1997), which 
was not completed and ended up generating a system of step 
faults. Next, between 0.17 and 0.14 My was the Las Playas 
gravity slide (Gee et al. 2001), which has the smallest volume 
of all. The largest landslide occurred at El Golfo, which is also 
the best example of a large-scale collapse (Gee et al. 2001). 
However, authors do not agree on the age, although some 
studies suggest that it could be between 0.013 and 0.017 My 
(Carracedo et al. 2001). After this mega-sliding, and also 
within the rift volcanism, there followed a stage of island 
formation characterized by recent volcanism that took place at 
various points in the El Golfo valley and filled in the escarp- 
ments of this valley. These episodes shaped the geography of 
the island as it is known today. 

The last stage is limited to historical volcanism, repre- 
sented by the eruption of the Tagoro volcano between 2011 
and 2012. This is a submarine eruption that occurred SW of 
La Restinga and remained at just 88 m (Pérez-Torrado et al. 
2012) from sea level. Therefore, volcanism on the island is 
still active. Both the ages of the different episodes of its 
formation, as well as the last volcanic landmark, suggest that 
the activity will continue in the future (Fig. 1). 


1.1 Building Tiñor (1.2-0.88 My) 

The El Tiñor volcanic edifice, formed during 0.3 My 
(Gómez Sainz de Aja et al. 2010), is the first phase of 
subaerial formation on the island of El Hierro. Thanks to K- 
Ar and magnetostratigraphic dating methods, its formation is 
estimated in the Lower-Middle Pleistocene (Barrera Morate 
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and García Moral 2011). The Tiñor volcanic complex 
developed very rapidly, with three phases of formation with 
three well-differentiated phases of formation (Barrera Morate 
and García Moral 2011). Finally, the large volumes of 
material emitted and its great height, caused a destabilization 
of the flank and, consequently, a large gravitational slide 
exposing the first phases of formation of the Tifor. 

The first stage took place 1.12 My ago with the shield 
construction of the Tiñor edifice, where volcanic material 
covered large extensions (Guillou et al. 1996; Carracedo 
et al. 2008). It was represented by basaltic lava flows of not 
very great power, with brecciated appearance and divergent 
dikes of plagioclase basalts and pyroclastic deposits along 
the eruptive fissures (Barrera Morate and García Moral 
2011). The first stage of formation outcrops at the bottom of 
the Tifor, Honduras, Balón and Playecillas ravines. The 
main outcrops are in the NE sector of the Tiñor and in the 
Las Playas escarpment (lower-middle part). Narrow sub- 
vertical dykes intercalate thin lava flows with pyroclasts and 
brecciated levels. Several buried cones and pyroclast levels 
can be seen intercalated with the lavas (Barrera Morate and 
García Moral 2011). They are mainly basaltic, basaltic and 
tephritic flows. The basalts are plagioclastic-olivine- 
pyroxenic (Gómez Sáinz de Aja et al. 2010). One of the 
most abundant geomorphological units, but because they are 
submerged and one of the least common, are the pillow lavas 
(pillow-lavas) that can be seen in Timijiraque Bay. Another 
unit present in the lower section of Tifior is formed by tephra 
cones and some buried cones with hydromagmatic and 
strombolian phases (Barrera Morate and García Moral 
2011). 

The second stage of formation of the Tifor edifice 
occupies larger volumes than the previous stage. It is the 
intermediate or tabular stage that formed the San Andrés 
plateau thanks to lavas of great power and with subhori- 
zontal dip in the center of the same building in formation 
(Guillou et al. 1996; Carracedo et al. 2008). This plateau is 
dated to between approximately 1.04 and 1.7 My (Barrera 
Morate and García Moral 2011). The San Andrés plateau 
formation section outcrops both in the El Toril escarpment 
and on the Dar slopes, as well as in the Tiñor and Honduras 
ravines. The materials of the tabular section outcrop in 
Tamaduste and Puerto de La Estaca and are mainly basaltic, 
basanitic and tephritic lava flows (Gómez Sainz de Aja et al. 
2010). The compositional typology of the materials includes 
pyroxenic-olivine basalts, olivine-pyroxenic basalts, olivine 
basalts, trachybasalts, tephras and plagioclase basalts. The 
“aa” lavas from these eruptions create a stepped relief with 
slag intercalations. Within the plateau unit, two basic intru- 
sive bodies are recognized (Barrera Morate and García 
Moral 2011). 

After the end of the intermediate growth stage, between 
1.04 and 0.88 My, there was an eruptive lull that culminated 
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Fig. 1 Geological mapa of El Hierro Island. Source Grafcan, self-elaboration 


with the last stage of formation of the volcanic complex 
(Barrera Morate and Garcia Moral 2011). After this eruptive 
pause, the formation of the Ventejis section took place, 
known as the late period, with a more explosive character. 
Wide craters were formed, pyroclasts were deposited inter- 
spersed with flows with pyroxene nodules, giving rise to the 
presence of the Ventejis stratovolcano with a predominant 
direction of growth towards NE. The formative stage is 
shown by the alignment of the Picos-Rivera-Moles build- 
ings. The main material emitted was pyroclasts with smaller 
amounts of lava flows than previously, forming a 
stratovolcano-type unit (Barrera Morate and Garcia Moral 
2011). The Ventejis-Pico-Moles group of volcanoes is 
composed of basaltic and tephritic lava flows, as well as 
basaltic tephra edifices with some hydromagmatic interca- 
lations. These materials outcrop in the western and south- 
eastern part of the town of Valverde (Gómez Sainz de Aja 
et al. 2010) or as infill of between Tiñor and Tamaduste. The 
pyroclasts represented by bombs, slags, ashes and lapilli are 
olivine and tephritic basalts. Among the products from the 
late stage of the Tiñor formation, well-preserved volcanic 
cones with evidence of hydromagmatic interactions can be 


distinguished (Barrera Morate and García Moral 2011). 
Finally, this stage ends with the Tiñor megathrust 0.88 My 
ago. 

The rapid and voluminous growth of such a small area of 
the island caused the destabilization of the flank that origi- 
nated the first gravity slide of the island in the NW of the 
newly formed edifice. 

The later formative processes of the island have covered a 
large part of the Tiñor building although, thanks to the 
landslides, some of the materials of the three preceding 
stages have been left uncovered. 

At present, the maximum height of this geological unit is 
1137 m asl. There are materials from each of the formation 
sections: early stage/lower section, middle/tabular section 
and Ventejís section (Gómez Sáinz de Aja et al. 2010). 


1.2 The Building El Golfo—Las Playas (0.54— 
0.18 My) 


It is considered that at this time the volcanism associated 
with this building took place after the partial collapse of the 
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Tiñor Building, creating paleo-reliefs. Volcanic activity was 
mainly focused on the escarpment of the El Golfo arch to the 
north of the island and the midlands of the Las Playas arch to 
the southeast. 

The outcrops of the units of this volcanic edifice are 
scarce as they have been covered by volcanic material from 
later events. The first section outcrops in the northern part of 
the island, in the Hoya del Verodal area and at the base of 
the Las Puntas cliff. As for the second section, it can be seen 
on the slopes of both escarpments, in El Golfo and Las 
Playas, resting discordantly on the materials of the lower 
section. In this way, it can be seen that this volcanism took 
place mainly on landslide escarpments. There is no clear 
evidence about the central area of this volcanic edifice, 
although with the study of the phyllonian network, there is 
the hypothesis that this area is close to the Cruz de los Reyes 
(Barrera Morate and Garcia Moral 2011). 

The orogenesis of this large volcanic edifice occurred 
during 0.35 My (0.54—0.18 My), in the Middle Pleistocene 
(Carracedo et al. 2001). The activity starts in the geological 
setting of the Tiñor edifice and has a NE-SW progression. 
All authors agree on the evolution of this volcanic edifice, 
although the age dating varies according to the area studied. 
After the volcanic inactivity of the Tiñor edifice, there was a 
reactivation that emitted basaltic and trachybasaltic lava 
flows and tephra cones discordant with the previous units. 
These types of emissions and units created are considered as 
the units of the lower section of the El Golfo—Las Playas 
edifice. Subsequently, the units of the upper section such as 
olivine-pyroxenic basaltic flows, olivine basalts, trachy- 
basalts, trachytic flows and mafic trachytes were deposited 
concordantly (Barrera Morate and Barrera Morate). mafic 
trachytes (Barrera Morate and Garcia Moral 2011). 

The lower section begins with the deposition of volcanic 
material on the slopes of the Tiñor landslide, which corre- 
sponds to the basaltic and hydromagmatic tephra cones. In 
addition, hydromagmatic volcanism occurred in some areas 
such as Sabinosa, leaving these buildings in discordance 
with the units above it. 

The second section outcrops on the slopes of the 
escarpments of El Golfo and Las Playas. Both sections are 
dominated by basaltic, trachybasaltic and tephritic lava 
flows, the second section being differentiated by the pres- 
ence of tephritic basanites and intercalations of basaltic, 
trachybasaltic, basanitic and tephritic tephra cones. In addi- 
tion, in the upper part of the second section there are more 
acidic, alkaline and more evolved flows, such as trachytes 
and mafic trachytes (Carracedo et al. 2001). 

The petrological composition is quite broad, although it 
depends on the study area and its emission centres. In gen- 
eral, there is an increase in alkalinity over time, with the last 
lava flows appearing to the SE of the Las Playas escarpment, 
dated at about 0.176 My (Barrera Morate and Garcia Moral 
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2011). There is undoubtedly agreement between the different 
stages of formation of the island with some distinct substages 
depending on the author, although the petrological evolution 
varies a little more (Fuster et al. 1993; Carracedo et al. 1997; 
Guillou et al. 1996). 


1.3 The Volcanism of the Rifts (0.15-0.012 My) 


The volcanism of the rifts occurred 0.15 and 0.012 My ago 
along the three structural axes of the island (Fig. 2). It cor- 
responds to the last stages of construction of El Hierro and 
affects much of its entire surface. The magma thrust broke 
the earth's crust creating a triple fracture (Carracedo et al. 
2008). These fractures extend along the three main structural 
axes. These axes have a West-Northwest, North-Southwest 
and South-Southeast orientation, where they converge and 
are arranged in a series of eruptions that have shaped the 
Herrefio territory up to the present day. 

The activity of this last phase of formation began between 
0.17 and 0.15 My ago. However, one of the most important 
processes related to this volcanism were the infill eruptions 
that occurred in the geographic setting of the El Golfo valley 
(Gomez Sainz de Aja et al. 2010) and also in the afore- 
mentioned rift sectors, being a more moderate volcanism 
(Barrera Morate and Garcia Moral 2011). The main char- 
acteristic of the volcanism in the interior of El Golfo is its 
location near the escarpment, as well as its duration, which is 
estimated to be no more than 10,000 years. The fact that 
there was little time for its formation is demonstrated by the 
fact that there are no important discordances or contrasts in 
its morphology (Barrera Morate and Garcia Moral 2011). 
The eruptions that occurred during the Holocene of this 
phase led to the formation of lava deltas that gained ground 
to the sea (Barrera Morate and Garcia Moral 2011) and 
caused the fossilization of many cliffs and the smoothing of 
the morphology of the coast. 

In the rest of the Herrefio territory where eruptions have 
occurred in this period, two stages can be distinguished: 
sub-recent and recent emissions (Barrera Morate and Garcia 
Moral 2011). The former correspond to isolated eruptions in 
the structural axes of the three rifts. Some of the volcanoes 
belonging to this volcanism are the mountains Cueva del 
Guanche, Tomillar, Fara, Las Charquillas, Las Tabladas and 
Las Montañetas, among others (Barrera Morate and García 
Moral 2011). Recent emissions take place at the ends of the 
three rifts, in the western part (Punta del Verodal), in the 
northeast of the island (Hoya del Tamaduste) and in the 
south (La Restinga). All this activity meant, as mentioned 
above, an increase in the size of the island's perimeter due to 
the formation of the coastal platforms. The volcanoes that 
are part of these emissions are the Orchilla-Calderetón, Las 
Calcosas, Hoya del Verodal, Punta de la Dehesa, 
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Chamuscada-Entremontafias, La Cancela and Aguajiro 
mountains, among many others (Barrera Morate and García 
Moral 2011). 

During the historical volcanic activity there is only one 
eruption in 2011 and a supposed eruption in the year 1793, 
although not considered so far as a historical eruption 
(Romero Ruiz 1989). This volcanic eruption that may have 
taken place in the historical past, has been dated with the 
carbon 14 method, which establishes it in the year 1793—it 
is the so-called *Lomo Negro" eruption (Barrera Morate and 
García Moral 2011). 

The only historical eruption on the island began on 
October 10, 2011 and lasted until March 2012. It was a 
submarine eruption that originated 400 m deep and 1.5 km 
SSW of the coast of La Restinga. The originated volcano 
was named “Tagoro”. Such volcanic eruption is the first of 
the twenty-first century in the Canary Islands, therefore, the 
study of the volcanic characteristics and its evolution are 
well documented (Barrera Morate and García Moral 2011; 
Pérez-Torrado et al. 2012; Domínguez Cerdeña et al. 2018; 
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Melián et al. 2014; Pérez et al. 2012, 2014, 2015; Padrón 
et al. 2013; Carracedo et al. 2012; Rivera et al. 2013). Par- 
ticularly interesting were the surface seawater discoloration 
phenomena and the presence of floating volcanic material. 
These are dark crusted pyroclasts, formed by basanites, of 
basaltic character and white cores, rich in silica and very 
porous (Rodríguez-Losada et al. 2014; Pérez-Torrado et al. 
2012) of trachytic-riolitic character, finally named as 
"Restingolites". 


2 Conclusions 


The island of El Hierro has gone through several formative 
stages over the last hundreds of thousands of years. These 
stages shaped the current relief, being interspersed between 
phases of formation and erosion to large dimensions. The 
first stage of the formation is known as the Tiñor volcanic 
edifice, composed of 3 formative sub-stages and a gravita- 
tional landslide that culminated its construction process. 
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After a long period of inactivity, the island began a new 
stage of growth (El Golfo). The new volcanic materials were 
deposited in discordance with the previous materials on the 
escarpments of El Golfo and Las Playas. 

Finally, the last stage of the island's formation encom- 
passes rift volcanism. This is a process characterized by two 
types of events, on the one hand the volcanic activity itself 
produced in the three structural axes of the island, as well as 
in the valley of El Golfo, and on the other hand, three 
gravitational landslides (El Julan, Las Playas and El Golfo) 
that determined the current configuration of El Hierro. 

As the volcanic activity in the Canary Islands is under- 
stood, being El Hierro one of the western islands, the 
youngest and adding the last eruption in La Restinga, it is 
confirmed that the process of growth of the island has not yet 
finished. 
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Abstract 


Few oceanic islands express their geomorphological 
history in such a marked way as the island of El Hierro. 
Indeed, on El Hierro, its geomorphology goes hand in 
hand with the evolution of its insular geology. In fact, 
seventy percent of places of geological interest in El 
Hierro's Geopark have geomorphological features as their 
main or secondary interest, which is indicative of the 
importance of geomorphology in the configuration of the 
island’s relief. However, there are few studies that have 
addressed the processes or features of the island's 
geomorphology. In this study, the first geomorphological 
characterization is carried out in which the island is 
considered as a whole unit. 


Keywords 
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1 Introduction 


With a maximum age of 1.2 Ma (Guillou et al. 1996), El 
Hierro is the youngest island of the Canary Archipelago. It is 
an oceanic volcanic island formed by the fusion of the Tiñor 
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(1.12-0.88 Ma) and El Golfo-Las Playas (545-176 ka) 
volcanic edifices, as well as by the Holocene volcanic fields 
that developed later. Several structures can be identified in 
the island's morphology that have been interpreted as the 
scars of giant gravity landslides of Tiñor (0.8-0.5 Ma), Las 
Playas (~ 545-176 ka and 176-145 ka), El Julán (> 
158 ka), and El Golfo (~ 87—39 ka) (Carracedo et al. 1999, 
2001; Gee et al. 2001; Longpré et al. 2011; Masson 1996; 
Masson et al. 2002). The youngest of these landslides cor- 
responds to a broad amphitheatre open to the NW and 
bounded by a large 27 km long arcuate escarpment that 
gives the island its distinctive crescent shape. From about 
158 ka ago, monogenetic volcanism has developed on the 
flanks of the previous structures and in the interior of the 
depressions generated by landslides, and whose distribution 
is controlled by an apparent triaxial system of volcanic rifts 
(Carracedo et al. 2001; Guillou et al. 1996). 

From a climatic point of view, the island of El Hierro 
has an oceanic subtropical climate, with temperatures 
ranging between 19 and 23 °C and rainfall concentrated 
from October to March. In addition, rainfall varies by 
slope depending on the slope's exposure to the prevailing 
winds, though it can exceed 1000 mm per year in wind- 
ward areas. 

The climate of El Hierro results from the interaction 
between the general climatic conditions of the whole archi- 
pelago and the island's steep mountainous relief. The 
dominant trade winds on the island reach El Hierro via the 
eastern flank of the Azores anticyclone of moderate speed 
(20-25 km/h) (Marzol 2006), which brings humidity and are 
present in the archipelago for almost two thirds of the year. 

The combination of these elements gives rise to a rela- 
tively complex mosaic of microclimates, with different pre- 
dominant morphodynamic processes, ranging from those 
typical of temperate-humid climates (areas between 800 and 
1500 m asl. on the N and NE slopes of the island) to those 
associated with semi-arid climatic contexts (coasts and 
slopes of the S, SW and W of El Hierro). 
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The cartography that accompanies this study was con- 
ducted taking into consideration the fieldwork carried out on 
the island in recent years, a high resolution DEM analysis, as 
well as the interpretation of the aerial photographs of the 
island from recent decades, available through the 
IdeCAN WMS server (https://www.idecanarias.es/). The 
different geographical features were mapped and classified 
according to their volcanic, erosive or sedimentary genesis. 

The delineation of the riverbeds has been carried out 
manually in a GIS environment following the method of 
Strahler (1964), since important areas of the island charac- 
terized by lava surfaces are structured in slight and central 
channels and areas of interlavic and intralavic contact gave 
very high errors in their automated digital delineation. Nev- 
ertheless, the delimitation of the proposed mapping of the 
basins is based on the information derived from slope mod- 
els, high resolution DEM and the runoff accumulation map. 

The study of erosive forms has been based on the mor- 
phometric analysis of the hydrographic network. This not 
only provides a quantitative description of the drainage 
system, but also constitutes one of the tools that gives most 
information for the morphological study of volcanic terri- 
tories. Basins and talwegs effectively express the existing 
relationships between the lithological, structural, geomor- 
phological and climatic characteristics of the territory 
(Romero et al. 2004, 2006). 

The study of volcanic forms has been carried out through 
the mapping of volcanic vents and cones and the morpho- 
metric analysis of some of their most relevant parameters, 
such as the elongation of craters and direction of volcanic 
fissures (Dóniz 2004, 2008). For the morphological classi- 
fication of the cones, the taxonomy of Bishop (2009) has 
been followed. In his morphometric and geomorphological 
study, surtseian cones (Romero 2016; Guillén, in press) or 
those highly disfigured by erosion or landslides have not 
been included. 


2 Physiographic Features 


The island of El Hierro has an abrupt and vigorous relief of 
marked orographic contrasts. Twenty percent of the island's 
surface is characterized by an open depression to the NNW, 
closed to the south by a steep escarpment with slopes of up 
to 600 m in height, and where the highest altitude of the 
island is reached (1501 m at the Pico de Malpaso). This 
great amphitheatre is one of the island's most characteristic 
features. From this cliff, the altitude of the island descends 
quite steeply in all directions, forming ramps that extend 
fundamentally towards the interior of the depression, and 
towards the NE, S and W (Fig. 1a). 

However, altitudes, slope breaks and slope distribution 
allow us to divide the island into eight different areas 
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(Fig. 1b). Each of these areas has specific physiographic 
features and represent, in relation to their orientation towards 
the trade winds, and their more or less marked altitude, 
specific bioclimatic and  morphoclimatic units. The 
north-facing units of Valverde (VA), Tiñor (TI), Nisdafe 
(ND) and El Golfo (EG) (Fig. 1b, nos. 1, 2, 3 and 5) are open 
slopes to the NE and N, more humid, with higher rainfall and 
lower insolation, where weathering processes predominate. 
The leeward areas of Las Playas (LP), El Pinar (EP), El Julan 
(EJ) and La Dehesa (LD) (Fig. 1b, nos. 4, 6, 7 and 8) are 
characterised by a warmer climate, with less rainfall and 
cloud cover and fewer mechanical erosion processes. 


3 Erosive and Accumulation Forms 


Even though the ravines do not seem to be one of the out- 
standing features of the relief of El Hierro, given the youth of 
the island, the island has a well-established hydrographic 
network, consisting of 270 basins and 3683 channels, with an 
average density of 5 km/km?. The low rainfall, high evapo- 
ration rates and the predominance of very permeable mate- 
rials, determines that there is no water regime with permanent 
flows on the island. These are intermittent and ephemeral 
watercourses, usually with sporadic torrential flows, associ- 
ated with the development of high intensity rainfall episodes 
(Marzol 2006; Arroyo 2009). Figures 1 and 2 summarize the 
most salient features of drainage on an island scale. 

The orographic and geological setting of the riverbeds and 
basins means that 72.496 of the island's basins are radially 
distributed with respect to the EG escarpment and are cata- 
clysmic, running down the dip of the layers. Forty-one per- 
cent of the basins have their headwaters on the EG ridgeline, 
which acts as the main watershed of the island. This water- 
shed extends to the NE following the ridge line established 
around the Ventejís volcanic vent (1238 m) (Fig. 3a-c). 

As on other islands of the Canary archipelago (Romero 
et al. 2006), the control imposed by the lithology in com- 
bination with the age of the materials conditions the exis- 
tence of a very significant surface without drainage network, 
which extends 78 km?. In addition, at least 31% of the 
island’s basins have no direct outlet to the sea and can be 
considered endorheic basins. Although surface without 
drainage network and endorheism affect the whole island, 
they are fundamental features of the eastern area of the EG 
amphitheatre and the volcanic fields of EP and LD (Fig. 2d). 
The presence of these relict and endorheic spaces is not 
directly linked to environmental factors but is determined by 
the inhibition of runoff in areas of more recent volcanism, 
caused by the high porosity and permeability of the volcanic 
materials (Romero et al. 2006). 

The number and shape, order and area of the river basins 
show spatial variations and define very diverse hydrographic 
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Fig. 1 Digital shadow model of the island of El Hierro (a) and slope map (b), with the delimitation of the physiographic units, 1: Valverde (VA); 
2: Tiñor (TD; 3: Nisdafe (ND); 4: Las Playas (LP); 5: El Golfo (EG); 6: El Pinar (EP); 7: El Julan (EJ) and 8: La Dehesa (LD) 
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Fig.2 Data relating to the hydrographic network and watersheds of the island of El Hierro 


units that adapt to the different geological units, coinciding 
roughly with the physiographic units mentioned above. 
Although topographically ND is an area with its own char- 
acteristics, hydrographically it is part of the TI and VA areas, 
as the headwaters of their watercourses are located in this 
sector. 

The island's watersheds show elongated shapes and lack, 
except in the steep sectors of EG and LP and TI, reception 
areas with clear topographic limits. The highest density of 
watercourses corresponds to EJ and LP, with values of 9.4 
and 8.7 km/km?, respectively. The lowest values character- 
ize the VA, EP, LD and EG sectors (with 3, 3.1, 4.7 and 
3.4 km/km’ respectively). TI has average drainage densities 
of 5.4 km/km". 

In general, lithostratigraphic variations, discontinuities in 
the rocks (joints and internal structure of the lava flows), 
dips of the layers in relation to the direction of runoff, tec- 
tonic features, age of the materials, morphoclimatic 


environment, and degree of interference between volcanic 
and erosive processes act in an interrelated way to give rise 
to valleys and ravines of very diverse morphology. 

In the areas corresponding to the old massif of TI or in the 
sliding escarpments of EG and LP, where the oldest outcrops 
of basalts are on the island, the most important levels of 
network encasement are reached. In the TI area, where 
interference with later volcanism has been practically nil, 
erosion has dismantled the original structures and has gen- 
erated the presence of abrupt reliefs, with steep slopes and 
deep torrential incisions separated by interfluves on ridges. 
These are inverted reliefs, which characterize the middle and 
lower sections of the basins, carved at the expense of the 
piles of the lava flows of the lower sequence of the IT edi- 
fice. The upper sections of these basins show, however, 
significantly lower levels of wedging when adapting to the 
tabular piles of the intermediate sequence. The transition 
between the two geological units is marked by the presence 
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Fig. 3 Distribution of watercourses (a) and basins (b) according to 
their order. Classification of the basins according to their area in km? 
(c). The areas without colour in maps a—e correspond to reef sectors, 


of abrupt jumps and pronounced slope breaks in the profile 
of the main valleys. Between the main interfluves of these 
basins, parallel ridge interfluves develop, with summit- 
to-slope gradients of 200—300 m difference between the 
summit and interfluves. To the south of TI, later lava flows 
completely flooded the channels and partially clogged the 
basins, leaving the ridge interfluves as isolated remnants, 
causing the appearance of channels with a lesser degree of 
embedding in contact areas with other geological units. This 
determines that TI is the only area of the island where dif- 
ferentiated incision levels and the development of 
quadrangular-shaped basins can be defined, with a drainage 
pattern with dendritic trends and morphological evidence of 
recent landslide (Klimes et al. 2016), with pulses linked to 
climatic events (Blahut et al. 2018). 

The combination of high slopes and the structure of the 
EG and LP landslide escarpments has favoured very effec- 
tive erosion action. The configuration of the escarpments in 
layers with different mechanical properties (Isidro et al. 
2015), with numerous discontinuity planes (alternation of 
lava and pyroclastic layers, joints and internal levels of the 
lava layers, degree of weathering and presence of subvertical 
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without an organized drainage network. Map c shows the basins that do 
not flow into the sea and can be considered endorheic 


dykes) has favoured the presence of rocky channels verti- 
cally embedded in the walls, locally called “fugas”. These 
channels are characterised by high hypsometric gradients, 
short but very pronounced longitudinal profiles and frequent 
cornices and breaks in the slope. They show funnel mor- 
phologies that favour the channelling of landslides and the 
accumulation of sediments at the foot of the most vertical 
escarpments. 

The difference in age and dip of the layers in relation to the 
direction of the runoff, fundamentally anaclinal in EG and 
cataclinal in LP, determine variable degrees of remodelling 
between the escarpments of both depressions. These varia- 
tions are evident in the different degrees of channel embed- 
ding, the topographic definition of the interfluves and the 
catchment basins and the lobulated character of the general 
outline of the escarpments, more accentuated in the case of 
LP than in EG. The degree of erosive remodelling of these 
escarpments has been established by calculating their sinu- 
osity index, which is the result of dividing the total length of 
the escarpment by the straight line length of its starting and 
end points. Thus, while the LP escarpment has a sinuosity 
index of 2.38, in EG it is only 0.72. These data are indicative 
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of the greater degree of erosive evolution of the LP escarp- 
ment compared to that of EG, which fits with the chronology 
of both depressions. The ruiniform character of the relief of 
the LP amphitheatre is also associated with the development 
of an anaclinal hydrographic network with its catchment 
areas on the upper slopes and the absence of subsequent 
monogenetic volcanism in the interior of the depression. 

The gullies developed in the areas of monogenetic vol- 
canism (volcanic fields of the NE, S, W) or in the EJ land- 
slide arc are usually characterized by their low degree of 
embedding, and by generating elongated and narrow basins, 
usually with slightly lobulated headwaters and with surfaces 
of less than 4 km”. In these sectors, the pyroclasts that 
characterize the summit areas favour the formation of very 
dense networks in the headwater areas, with a multitude of 
small length channels of order 1 and 2. On the other hand, 
the steep slopes, essentially formed by lava flows structured 
in channels and lateral levees, favour the development of 
radial or parallel networks, with a tendency to be embedded 
in lava channels or in the contact areas between different 
lava units. These networks are not very hierarchical and have 
areas of less than 2 km?, where long and narrow basins of 
orders 2 and 3 predominate. 

The anomalies of the drainage network in the size and 
shape of the basins and in the layout of the network show a 
close relationship with tectonic processes, as well as the 
closing and blocking of the valleys associated with the 
emplacement of cones and lava flows. The role of tectonics 
can be observed especially in two points of the island: in LD, 
in the transit zone towards EJ and in some areas of TI. The 
influence of tectonics is reflected in the existence of breaks in 
the profile of the channels and in the design of their layout. In 
these sectors, there are frequent abrupt changes in the course 
of the channels, with zigzag or staircase traces and steps in 
the profile that allow the different fault breaks to be bridged. 
These features can also be observed in the network around 
the Caldera de Ventejís, where the talwegs with the most 
severe boxed are associated with the presence of faults. 

The processes of closure and obturation of valleys and 
basins cause processes of confluence and difluence of the 
ravines that determine significant changes in the layout of 
the network and in the size of the basins, favouring the 
presence of basins with surfaces greater than 6 km? and the 
existence of plains and endorheic type areas. 

The products of erosion are preserved as spatially dis- 
continuous sedimentary units, characterizing the mouth areas 
of the steepest ravines, or those with abrupt breaks in slope 
in their lower sections, where a range of detrital fans are 
formed (Fernández-Pello 1989). Many of these deposits, 
however, lack the typical morphology of fans as they adapt 
to the irregular surface of recent lava flows, where they 
generate the appearance of irregular fluviotorrential fans. 
Also, at the foot of the large escarpments of the LP and EG 
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depressions, or at the bottom of the larger cliffs surrounding 
the island, there are detrital fans of mixed origin, the result of 
both gravity processes and small debris-flow processes. 

In the deposits at the foot of the slope of the LP and EG 
escarpments, it is possible to distinguish two or three gen- 
erations, with topographic locations that are lower in alti- 
tude, the more recent they are. In general, the oldest deposits 
are relicts and appear to be dissected by boxed channels, 
which have ended up disconnecting the apexes and bodies of 
the fans from the current escarpments, while being topo- 
graphically disconnected from their source areas. When they 
are located on the coast, their bases are cliffed by the sea, so 
their formation must have taken place at a lower sea level 
than the present one. These deposits are flanked and covered 
at their base by the most recent deposits of the second or 
third generation, so they have more gradual average slopes. 


4 Monogenetic Mafic Volcanism 


The monogenetic basaltic volcanism of El Hierro charac- 
terizes the last stage of construction of the island, concen- 
trating along three zones identified as volcanic rifts 
(Carracedo 1994; Balcells et al. 1997, Aulinas et al. 2019). 
The 541 mapped emission centres depict an essentially radial 
pattern with respect to the EG arc (Becerril 2014; Becerril 
et al. 2015, 2016) with an average density of 2.02 vents km?. 
The ND, EP and LD areas (areas 3.6 and 8 in Fig. 1) show 
values above the island mean, with 3.7; 3 and 5.6 vents/km? 
respectively. By contrast, some areas, such as TI and EJ, 
have very low vent densities, with 0.54 and 0.49, respec- 
tively (Fig. 4). 

Each of these areas presents a predominant orientation 
around one or two preferred directions that help to delimit 
the volcanic fields on the island. Thus, the volcanic field of 
LD can be structurally divided into two sectors according to 
the number of emission centres, their spatial distribution and 
the greater or lesser predominance of specific directional 
lines. On the one hand, the WNW sector has a significantly 
lower number of vents (54 compared to 115 in the WSW 
sector) There are, however, many very marked eruptive 
fissures aligned following the predominant NW-SE and 
WNW-ESE directions. This sector forms a group of volcanic 
cones spatially separated from the rest of the cones in the 
western sector of the island. The WSW sector, on the con- 
trary, shows not only a greater number of eruptive centres, 
but also its organization is via the preferential fractures of 
ENE, WSS. However, NW-SE and WNW-ESE orientations 
are also present in a less representative way. 

Something similar occurs in the NE part of the island, 
where the distribution and geometry of the cones and fis- 
sures define at least two sectors with different features. On 
the one hand, the areas of VA and TI (Fig. 1, zones 1 and 2), 
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Morphological A a Density " Density N2 3 Sod ED Zeth 
date Km N? Vents cla N? Cones ao mas Simples respectto | Compounds | respect to Complex respect to 
total cones total cones total cones 
TOTAL ISLAND 268 541 2,02 230 0,86 2,35 68 34,87 99 50,77 28 14,3589744 
E 0,97 1,83 6,67 13 6,67 5 2,56 
Tiñor 0,32 1,67 1,03 3 154 4 2,05 
144 2,62 3,59 13 6,67 2 1,03 
12 6,15 5 2,56 
Las Playas 9 - - - - - - - - 
El Pinar 48 147 3,06 65 135 2,26 21 1077 28 14,36 7 3,59 
El Julan 35 17 0,49 12 0,34 1,42 z à 5 
La Dehesa N 11 54 4,91 14 1,27 3,86 5 2,56 9 4,62 0,00 
La Dehesa S 20 115 5,75 41 2,05 2,80 15 7,69 21 1077 5 2,56 


Fig. 4 Parameters for the characterization of monogenetic edifices 


where the cones seem to be arranged following a marked 
NE-SW direction. On the other hand, the area of ND, where 
the cones are articulated in an arched shape with respect to 
the EG escarpment. This arcuate configuration is also evi- 
dent around the EJ arc, the preferential orientations seem to 
be arranged in an arc following its east and west limits. This 
affects the WSW and S volcanic fields, which lose their 
radial distribution and do not configure well-defined vol- 
canic rifts structurally. 

A total of 230 monogenetic volcanic edifices have been 
mapped, in different locations. They have a range of ages, 
morphologies, sizes, materials and geometries. All of them 
are associated with mafic basaltic magmas, show accentu- 
ated fissural features (with an average of 2.3 vents per vol- 
canic cone) and have eruptive mechanisms that vary from 
typically Hawaiian and Strombolian to violent Strombolian, 
and eventually with the development of phreatomagmatic 
pulses. They correspond to spatter, slag and lapilli cones that 
emitted abundant lava flows. 

Volcanoes have been grouped, following the taxonomy 
established by Bishop (2009), into three categories: simple, 
compound and complex. Some 34.8% are simple cones, 
characterized by being unique and discrete edifices, spatially 
isolated and without interaction with other cones. Their 
morphology can be annular or horseshoe-shaped, with a 
simple ground plan. There are 54.7% that correspond to 
compound cones in which two or more cones of the same 
type are merged, so they usually show coalescent or multiple 
craters (Tibaldi 1995; Corazzato and Tibaldi 2006) and 
lobulated and irregular plans. Finally, 14.3% are complex 
edifices, resulting from the combination or superposition of 
two or more types of volcanoes with differentiated eruptive 
mechanisms. This last category includes mainly those cones 
built by slag, lapilli or spatter volcanic edifices associated 
with basal effusive vents of composite pahoehoe flows. 
These effusive emission centres have given rise to small lava 
shields (scutulum type) (Walker GPL, 2000), some of which 
seem to correspond to rootless secondary lava edifices built 
on volcanic tubes. An outstanding feature of these small lava 
shields is their high average slope, as the lavas are usually in 


areas with steep pre-slopes. These features are particularly 
characteristic of the monogenetic edifices of Holocene 
platform-forming volcanism, but they can correspond to 
volcanic assemblages of very different ages. These features 
can be found in VA (Montaña del Tesoro), in TI (such as in 
WSW (Montaña de Orchilla, Montaña de Lomo Negro, 
Montaña de Las Calcosas, Montaña Tenaca, Montaña 
Quemada de Allá), or in the S rift (Montaña de El Julan, 
Montafia de La Empalizada, etc.) and even within the EG 
depression (Montafia de Sabinosa, Tanganasoga). The vol- 
umes of these lava edifices are generally higher than those of 
the cones from which they originate. 

The link between the cones and their corresponding lava 
flows is not always visible. The intensity of the degradation 
processes determines that the connection between the older 
flows, and the edifice is difficult to establish, as it is diffuse 
in morphoclimatic environments of high humidity, where 
weathering processes predominate over erosive ones, and 
where there is also a high degree of anthropization of the 
territory (Fig. 5). 

Many of these flows are partially shaped by erosion and 
sedimentary processes, so that it is possible to group them 
into at least four categories. The first category consists of 
lava flows with a very low degree of preservation and whose 
surface morphology has been lost and cannot be mapped. 
However, in this category, we have also differentiated from 
those which, although showing very low degrees of preser- 
vation, can be mapped thanks to the existence of coastal 
platforms and the erosion carried out in the areas of contact 
with older materials. Next, there are lava flows with a 
medium degree of preservation still maintain well-defined 
morphological elements, such as slight laterals and fronts, 
pressure arches, etc., though their surface shows evident 
signs of erosion. They are located at the bottoms of ancient 
channels, as well as in the contact zones between different 
lava flows. The surfaces of these lava flows are often cov- 
ered with detritic materials that blur their original surface 
morphology, showing highly variable degrees of transfor- 
mation. In the third category, there are flows with a high 
degree of preservation belonging to Holocene eruptions on 
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Fig. 5 Monogenetic volcanism on El Hierro. a Type and distribution of vents. b Lineaments of the vents according to directions. ce Morphological 
types of volcanic cones. d Degree of preservation of the main lava units on the island 


the coast of the northern humid and southern dry climatic 
environments, typical of the lava platforms and deltas of 
these areas. Their location at the foot of pre-coastal escarp- 
ments, however, favours an intense partial covering with 
detrital materials that are transported from talwegs estab- 
lished on the upper slopes and spill down to reach the coast. 
Finally, the best-preserved lava fields are located in the 
western and southern areas of the island, where xeric cli- 
matic conditions have led to the best preservation of the 
original forms. 


5 Discussion and Conclusions 


The delimitation of geomorphological units is one of the key 
factors in the geodiversity of a territory (Serrano and 
Ruiz-Flafio 2007). This study establishes at least eight 
geomorphological units on the island of El Hierro that result 
from the combination of topographic, structural, geological 
and geomorphological elements and factors. The temporal 
and spatial relationships between the processes of volcanic 


construction and those linked to their erosive dismantling, or 
the formation of detrital deposits are also relevant. 

Traditionally, the essential geomorphological features of 
El Hierro have been described using a simple model based 
on the three volcanic rifts that concentrate and organize the 
volcanic activity of the island around a triaxial scheme. This 
approach leads to structures with relatively simple topo- 
graphic and geomorphological features, in whose interior the 
emission centres are concentrated in the central axis of these 
structures, giving rise to volcanic lineaments and obvious 
crater elongations, coinciding in orientation with a 
well-defined main structural orientation. However, it has 
been pointed out that the geometry of the volcanic fields on 
the island of El Hierro shows radial patterns that are a 
reflection of the local stress fields related to the formation of 
megathrust landslides that mask the general radial patterns of 
the EG edifice (Fig. 6). 

This work contributes to define the geometry of the 
volcanic fields of the island of El Hierro, understood as the 
result of complex patterns and temporal interactions between 
the relative location of the different volcanic edifices that 
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Fig. 6 Synthesis morphological map with geomorphological units 


make up the island. Their morphological evolution and the 
regional geodynamics of the volcanic province are also 
relevant factors, as has been previously highlighted by 
authors for other Canary Islands (Marquez et al. 2018). 

Structurally, the volcanic rifts of the Canary Islands have 
been defined as polygenetic edifices generated by the pref- 
erential emission of magma through persistent tectovolcanic 
fissures and associated with swarms of feeder dykes, whose 
density increases towards the rift axis and at depth 
(Carracedo 1994). Morphologically, these types of structures 
are characterized by the presence of narrow and longitudi- 
nally developed volcanic ridges orientated around a prefer- 
ential directrix, with a well-defined line of summits located 
on its axis and with slopes built essentially by piles of lava 
flows with a generalized dip perpendicular to the axis. This 
gable roof configuration is palpable in the volcanic rifts of 
the islands of Tenerife and La Palma, although with nuances 
depending on the geological history of each edifice, its age 
and the greater or lesser degree of interaction between vol- 
canic and erosive processes. 

The variations between some volcanic fields and others 
and the comparative synthetic analysis of the morphological 
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features that characterize the volcanic rifts of Tenerife, La 
Palma and El Hierro show that only the NE volcanic field 
seems to correspond to a developed and persistent volcanic 
rift over time (Fig. 7, profile A-A’), although influenced by 
the stress field of the EG edifice in the ND zone (Fig. 7, 
profile B-B^). The WNW volcanic field corresponds to the 
volcanism controlled by the EG system directly on its 
flanks, without the construction of a well-defined axis. 
The S and WSW alignments have complex patterns that 
show the high influence of the stress field of the EG edifice 
and, above all, of the landslide effect. Some of these vol- 
canoes are distributed by drawing arcs with respect to the 
EG landslide scarp or the EJ slopes, following approxi- 
mately arcuate fractures towards the interior of both sectors. 
All these factors determine that the volcanic rifts do not 
have the morphological features in plan and elevation of 
other volcanic rifts of the Canary Islands, such as those of 
La Palma or Tenerife. This lack of morphological regularity 
of El Hierro's rifts cannot be linked to the age of the 
structures since the S rift of the island of La Palma has a 
similar age to the volcanism of the volcanic fields of El 
Hierro. 


Volcanic Geomorphology in El Hierro Global Geopark 
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Fig. 7 Standard cross-sectional profiles of the volcanic fields of the island of El Hierro 
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Abstract 


In 2014 the Island of El Hierro (Canary Islands) was declared 
a Geopark of the Unesco network, thus becoming the first 
UNESCO geopark of the Canary Islands. The geological 
history of the Island of El Hierro can be understood through 
the visit of 61 geosites, which are representative of the 
growth and destruction of an oceanic Island in an intraplate 
environment. The geological heritage represented by these 
geosites has as foremost exponents those related to the 
formation of mega-landslides and the formation of extensive 
fields of pahoehoe lava-flows related to the historical or 
prehistoric fissure volcanism concerning the activity of its 
three rifts. This chapter describes the methodology used in 
establishing the geosite inventory carried out in 2019, as well 
as the description of the established geosites. 


Keywords 


Inventory * Geosite * Geopark * Geoheritage 


1 Introduction 


To proceed with the conservation and sustainable use of the 
geological heritage of any space, it is necessary to carry out 
the inventory of geosites (Carcavilla et al. 2009; 
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García-Cortés et al. 2014; Brilha 2016). The Island Council 
of El Hierro presented the candidacy to be part of the 
"European Geoparks Network" (EGN) and “The Global 
Geoparks Network" (GGN) on October 1, 2012. In 
September 2014, the island of El Hierro it joins the EGN and 
GGN under the auspices of UNESCO, definitively declaring 
itself El Hierro Geopark. In November 2015, during the 38th 
General Conference of UNESCO, the approval of the 
“International Program of Earth Sciences and Geoparks 
(PIGG)" was ratified, thus entering El Hierro Geopark to 
form part of the World Geoparks Network of UNESCO, 
now renamed the UNESCO World Geopark. 

The Geopark project Dossier contained a list and 
description of the Geosites and Geozones, which included a 
total of 7 Terrestrial Geozones, 3 Marine Geozones, 28 
Terrestrial Geosites and 15 Marine Geosites. 

Among the LIGs selected on that occasion was The Golfo 
Valley. The Golfo Valley is included in the Global Geosite 
VCO10 “The El Golfo landslide (El Hierro)”. It is a part of 
the Global Geosites inventory for Spain (Garcia-Cortés et al. 
2008), a global inventory of the Earth's geological heritage 
(IUGS project had the support of ProGEO, IUCN and 
UNESCO). It is representative of the “Volcanic morpholo- 
gies and edifices from the Canary Islands" n? 14 geological 
framework for Spain (Barrera 2009). 

The review of the inventory of geosites of El Hierro 
Geopark, shown in this chapter, is a consequence of the need 
to face a precise identification, description and interpretation 
of the component elements of the island's geological her- 
itage. These are understood as the whole of natural resources 
originated by geological processes and with scientific, cul- 
tural and/or educational value, such as the geological for- 
mations and structures, landforms, minerals, rocks, fossils, 
soils and other geological manifestations. They allow us to 
know, study and interpret the origin and evolution of the 
island of El Hierro, the processes that have shaped it, and the 
climates and landscapes of the past and present. 
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Thus, the present study starts from a double objective. 
The first one sicks to reflect the representativeness and the 
totality of the geodiversity of the island of El Hierro, which 
is barely formally characterized. The second is to identify the 
land and marine geosites of El Hierro Geopark. 

To carry out this inventory of geosites of the El Hierro 
Geopark, there is a protocol already established worldwide 
that starts from the collection of information from the 
opinions of a panel of experts so that the points are selected 
according to their scientific values, educational, informative, 
tourist attraction, etc. 

Therefore, this chapter will address the following aspects 
related to the recent Inventory of geosites of the El Hierro 
Geopark: 


e The description of the methodology used in the estab- 
lishment of geosites. 

e The denomination of terrestrial land and marine geosites 
in El Hierro Geopark. 

e The description of the proposal sheets for a geosite. 

e The classification of the different geosites. 


2 Methodology 


To carry out the preliminary selection of geosites, the 
methodology proposed by the Spanish Geological Survey 
(IGME) (Garcia-Cortés et al. 2000, 2014) has been followed. 


2.1 Bibliographic and Documentary 


Compilation 


The first task faced by the work team, made up of professors 
from the Departmental Unit of Geology of the Department of 
Animal Biology, Edaphology and Geology of La Laguna 
University, was the bibliographic and documentary compi- 
lation on the Geology of El Hierro. The information to be 
collected focused on four fundamental themes: 


e Information available on the geological characteristics 
(with a multi-disciplinary nature) of the Island of El 
Hierro, and its geodynamic evolution. This information 
has included the MAGNA geological cartography and has 
served to become aware of the geosites that should be 
represented in the inventory and select the team of sci- 
entific collaborators who have been invited to participate 
in the selection of these geosites. 

e Information on protected natural spaces and other ele- 
ments of interest, both natural and historical and/or cul- 
tural heritage, as well as the legal regulations relating to 
of them. Its interest lies in knowing, on the one hand, 
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what the level of protection of the elements to be 
inventoried can be and, on the other, what non-geological 
values can reinforce or complement the interest of the 
inventoried elements. 

e Possible pre-existing geosite inventory initiatives in El 
Hierro Geopark. The work carried out rigorously in this 
field has been taken advantage of (such as the previous 
geosite inventory carried out in 2014, or the geosites 
collected in the reports of the geological sheets at 
1:25,000 scale of La Restinga, Sabinosa, Valverde and 
Frontera). 

e Guidebooks for scientific excursions and congresses 
carried out on the Island of El Hierro, such as the 
Geo-guides published by the Geological Society of Spain, 
as well as other guides on nature or protected natural 
areas that have sufficient scientific rigour. 


2.2 Constitution of the Working Group 
and Election of Collaborating Experts 


Given the complexity and variety of the geological record of 
the El Hierro UGG, both in time and space, it is easy to 
understand the need for expert collaborators in the different 
branches of Geology. Those support the inventory work 
team when selecting the most representative places for each 
of the themes involved in the geological diversity of the 
Island of El Hierro (Volcanology, Petrology-Geochemistry, 
Geomorphology, Sedimentology, Tectonics, Hydrogeology, 
Paleontology and Edaphology). Therefore, it is necessary to 
have experts who cover all these disciplines. The coordi- 
nating team selected these expert collaborators after ana- 
lyzing the bibliography referring to the geology of El Hierro 
and invited them to participate in the inventory project. 


2.3 Selection of the Geosites of the El Hierro 
UGG 


To carry out a preliminary selection of all those places that, 
in the opinion of the work team and the expert collaborators, 
had the possibility of being incorporated into the inventory, 
we proceeded, in a similar way to that proposed by the 
Delphi methodology, described by García-Cortés et al. 
(2014), through several rounds of surveys carried out by all 
the experts. 

Through these surveys, the experts were informed that 
they would carry out their geosites proposal taking into 
account the intrinsic values, those linked to their potential for 
use (scientific, educational or touristic) and those linked to 
their need for protection, following the proposal of Cendrero 
(1996), such as scientific knowledge, representativeness, 
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rarity, type or locality of reference, state of conservation, 
protection status and legislation, conditions for the observa- 
tion, geological diversity, scenery, 
scientific-didactic-touristic content and use, and presence of 
other natural or cultural assets. 


3 Inventory of Geosites in the El Hierro UGG 


Table | shows the geosites proposed for the El Hierro UGG 
in this report, classified according to the geological contexts 
defined on the Island of El Hierro by the coordinating team 
(shield vulcanism, rift vulcanism, central volcanic com- 
plexes; prehistoric and historical vulcanism; alluvial and 
fluvial-torrential processes and deposits; gravitational pro- 
cesses and deposits; coastal processes and deposits; geo- 
logical elements submerged below sea level; volcanic or 
sedimentary aquifers; paleontological sites; tectonic struc- 
tures; soils). This table also shows the main geological 
interests for each geosite. The location of these geosites 
appears in Fig. 1. 
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The table shows the geosites grouped into: 


(A) The 18 geosites representing the 33% with the highest 
score in the opinion of the experts consulted (shown in 
blue in Fig. 1). 

The 29 geosites that obtained a score higher than 5, in 
the opinion of the experts consulted (shown in yellow in 
Fig. 1). 

The two remaining geosites are those that the coordi- 
nating team, in light of the regional knowledge of the 
geology of the Island of El Hierro, included in the 
best-valued 33%. However, they would not have 
deserved the recognition of the experts consulted 
(shown in black in Fig. 1). 


(B) 


(C) 


Nevertheless, althogh the experts consulted only proposed 
a submarine geosite (EH-012. Tagoro Submarine Volcano), 
the coordinating team considered it necessary to include the 
submarine geosites that were already catalogued as geosites in 
the El Hierro Geopark in 2014 (shown in blue in Fig. 1): 
EH-048. El Salto; EH-049. El Diablo Cave; EH-050. El 


Table 1 Classification of the main geological frameworks identified in El Hierro UGG 


Geological framework of El 
Hierro UGG 


Main geological interest 
representative of each geological 
framework 


(1) Shield volcanism Vulcanological (Vul) 


Geomorphological (Geo) 


(2) Rift volcanism Vulcanological (Vul) 


Code Geosite denomination 

EH-001 | El Golfo Valley. (6). (Geo) 

EH-003 | Las Playas Valley. (6). (Geo) 

EH-009 | Remains of the Hoya del Verodal tuff ring 

EH-021 | The pyroclastic cones dissected from the cliffs (La Punta de 
los Reyes) 

EH-022 | El Julan. (6). (Geo) 

EH-024 | Ventejís Volcano. (Geo) 

EH-036 | Lava-flows loaded with xenoliths from La Caleta. (Pe-Ge) 

EH-037 | The trachyte lava-flow of the El Golfo Volcanic Edifice. 
(Pe-Ge) 

EH-034 | The dyke of Jinama Landview 

EH-011 | La Hoya de Fireba. (Geo) 

EH-014 | The Montaña del Tesoro volcano, its lava-flows and the 
Tamaduste lava platform. (Geo) 

EH-015 | El Pozo de la Calcosas. (7). (Geo) 

EH-025 | La Caldereta. (Geo) 

EH-026 | El Juaclo de las Moleras. (10). (Geo-Pal) 

EH-028 The field of volcanoes of the Suthern Ridge. (4). (Geo) 

EH-031 The Cala de Tacorón. (Geo) 

EH-041 | The montafia de Puerto Naos. (Geo) 

EH-043 | The Pico de la Mata cave. (10). (Geo-Pal) 

EH-044 The Curascán cave. (10). (Geo-Pal) 


(continued) 


46 


Table 1 (continued) 


Geological framework of El 
Hierro UGG 


(3) Central volcanic 
complexes 


(4) Prehistoric and historical 
vulcanism 


(5) Alluvial and 
fluvial-torrential processes and 
deposits 


(6) Gravitational processes 
and deposits 


(7) Littoral processes and 
deposits 


(8) Geological elements 
submerged below sea level 


(9) Volcanic or sedimentary 
aquifers 


(10) Paleontological sites 


Main geological interest 
representative of each geological 
framework 


Vulcanological (Vul) 


Vulcanological (Vul) 


Sedimentological (Se) 


Geomorphological (Geo) 
Sedimentological (Se) 


Vulcanological (Vul) 


Geomorphological (Geo) 


Sedimentological (Se) 


Geomorphological (Geo) 


Hydrogeological (Hy) 


Paleontological (Pa) 


Code 


EH-007 
EH-019 
EH-002 
EH-004 
EH-005 
EH-012 
EH-023 
EH-013 
EH-045 
EH-046 
EH-017 


EH-015 
EH-029 


EH-020 
EH-030 
EH-033 
EH-038 
EH-040 
EH-027 
EH-032 
EH-039 
EH-048 
EH-049 
EH-050 
EH-051 
EH-052 
EH-053 
EH-054 
EH-055 
EH-056 
EH-057 
EH-058 
EH-059 
EH-060 
EH-061 
EH-042 


EH-008 
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Geosite denomination 


The Tanganasoga volcano. (Geo, Pe-Ge) 

The Malpaso salic deposits. (Pe-Ge) 

El Lajial. (2). (Pe-Ge) 

The Don Justo cave. (2). (Geo) 

Orchilla volcanic group-eruptive fissures. Cliffs. (2). (Geo) 
The Tagoro Submarine volcano. (2, 8) 

The Lomo Negro volcano. (2) 

The Fuga de Gorreta. (Geo) 

The colluviums of the Barranco de las Arenas. (Pal) 

Los Jables 


The debris-avalanche deposits from the 2nd gravitational 
slide responsible for the El Golfo valley formation 


The Pozo de la Calcosas. (2). (Geo) 


Pillow-lava and hyaloclastic rocks at the base of the Tiñor 
Edifice in Timijirate. (1, 10). (Se, Pal) 


The Roques de Salmor. (1). (Vol) 

La Maceta. (4) 

The Roque de la Bonanza. (1) 

Coastal stone arches (Puntas de Gutiérrez). (4) 
Coastal columnar joints in the Cachopo area. (4) 
The Arenas Blancas paleobeach. (4). (Vol, Pal) 
The Verodal beach. (4). (Vol) 

La Caleta paleobeach. (4). (Vol, Pal) 

El Salto. (2, 7). (Vol) 

El Diablo Cave. (2, 7). (Vol) 

El Bajón. (2, 7). (Vol) 

Baja Bocarones. (1, 7). (Vol) 

El Arco. (2, 7). (Vol) 

La Hoya. (2, 7). (Vol) 

Baja de la Palometa. (2, 7). (Vol) 

El Charco Manso. (Vol). (2, 7). (Vol) 

La Caleta. (2, 7). (Vol) 

El Bajon del Puerto. (1, 7). (Vol) 

El Roque de la Bonanza. (1, 7). (Vol) 

La Baja de Anacon. (2, 7). (Vol) 

Los Negros. (2, 7). (Vol) 

El Barbudo. (2, 7). (Vol) 

The Garoé. (1). (Vol) 


The log molds of the Montaña Chamuscada lava flows. (4). 
(Vol) 


(continued) 
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Table 1 (continued) 


Geological framework of El 
Hierro UGG 


Main geological interest 
representative of each geological 
framework 


(11) Tectonic Tectonical (Tec) 


(12) Edaphic Edafological (Eda) 
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Code Geosite denomination 

EH-006 The San Andrés fault (in the Barranco de Tiñor). (6). (Geo) 

EH-016 | The San Andrés fault (in the road to Puerto de la Estaca, in 
Morro del Jayo). (6). (Geo) 

EH-035  Antithetical faults of the Barranco de las Playecitas. (6). 
(Geo) 

EH-047 | The graben between San Andrés-Tiñor road and La 
Cumbrecita. (6). (Geo) 

EH-010 El Jorado 

EH-18 | Jondana 


It includes all geosites of all geological frameworks. Secondaries geological frameworks and secondary main geological interests are also indicated 


in each geosite, in parentheses 


18? 10'O 


Fig. 1 Location and distribution 
of the selected Geosites in the El 
Hierro UGG (the points and areas 
with a red transparent grid) 


27° 50°N 


27° 40'N 


18° 10'O 


Bajón; EH-051. Baja Bocarones; EH-052. El Arco; EH-053. 
La Hoya; EH-054. Baja de la Palometa; EH-055. Charco 
Manso; EH-056. La Caleta; EH-057. Bajón del Puerto; 
EH-058. Roque de la Bonanza; EH-059. Baja de Anacón; 
EH-060. Los Negros and EH-061. El Barbudo. 

After establishing the geosites of the Geopark and fol- 
lowing the Methodology proposed by the IGME (García-- 
Cortés et al. 2000, 2014), the team coordinating this review 
prepared the files for the Inventory of Geosites of El 


18° 0'O 


27° 40'N 


18*0'O 


Hierro UGG. A descriptive sheet has been made for each 
geosite (Table 2). This descriptive sheet includes the fol- 
lowing aspects. 


(A) The denomination of the geosite. In this case, two let- 
ters and three figures are used for the code (EH, El 
Hierro; 01, 2-digit code) and a name that describes the 
geological element and its geographical location (ex- 
ample: San Andrés fault in Barranco de Tifior). 
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Table 2 Example of technical sheet of the inventory of geosites of El Hierro UGG 


Proposal form for a geosite* 
Name of the geosite 
Short description 


Justification of Interest 


EH-015. Pozo de la Calcosas 
Waterfall and lava delta formed by the arrival of lava-flows from the eruptive center of Montafia Aguarijo 


The Pozo de Las Calcosas is an excellent example of how a ravine can channel and advance the lava flows 
that jump a previous cliff, which fossilizes occasionally, and gain ground from the sea. It is a coastal area 
on cordate pahoehoe lavas that comes from two eruptive centers (Montafia Aguarijo and La Atalaya) and 
is located at a higher altitude. Currently, the area is affected by torrential processes, the dynamics of the 
slope with risks of landslides from the rocky edges of the cliff and by the action of the sea that generates 
interesting examples of abrasion platforms and “roques”. 

Geomorphological and petrological interest 


Parameters justifying the choice of the geosite (mark with a cross those that you have considered) 


& Representativeness 

RI Character of type or reference locality 
X Scientific knowledge 

Conservation status 

X Viewing conditions 

Rarity 


Location 


Access itinerary 
description 


Situation 
diagram with delimitation proposal (insert or attach fragment 
of map or SIGPAC orthophoto in a separate file) 


NI Scenery 
& Informative content/informative use 
Didactic content/didactic use 
O Potential for recreational and outdoor activities 
Links with other natural or cultural assets 
Geological diversity 
Province: Santa Cruz de Tenerife Municipality (s): Valverde 
Spot(s): (s) Pozo de Las Calcosas 
Coordinates UTM? | X: 20,975,690 E Y: 308,302,450 N | Spindle: 28 
Datum: REGCAN95 


In the event of being advisable O 
to maintain the confidentiality of the site, by concealing its 
coordinates, please mark it with a cross (x) 


From Valverde, take the HI-5 towards Frontera, 
then take the HI-100 until the Pozo de Las Calcosas 


(continued) 
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Table 2 (continued) 
Proposal form for a geosite* 


Photograph (s) of the place 
(can be attached in separate files) 


Bibliographic references 


Author of the proposal 


Pa A 
Photo 2. Detail of Photograph 1. Observe the arcs produced in the surface of the lava flow as it 
progresses. 


* Becerril, L. (2014). Volcano-structural study and long-term volcanic hazard assessment on El Hierro 
Island (Canary Islands) (Ph.D. thesis document). University of Zaragoza, Spain. ISBN: 
978-84-617-3444-3 

* Carracedo, J. (2008). Los volcanes de las Islas Canarias (IV. La Palma, La Gomera, El Hierro). Ed. 
Rueda, Madrid. 213 pp 

* Carracedo, J. C. (2011). Geología de Canarias I (Origen, evolución, edad y volcanismo). Editorial 
Rueda S. L. 

* Carracedo, J. C.; Badiola, E. R.; Guillou, H.; De La Nuez, J. y Pérez Torrado, F. J. (2001). Geology and 
volcanology of La Palma and El Hierro, Western Canaries. Estudios Geológicos 57: 175-273 

* González, E.; Dóniz-Páez, J.; Becerra-Ramírez, R.; Escobar, E.; Gosálvez, R. y Becerra-Ramírez, M. C. 
(2015). Itinerarios didácticos y geopatrimoniales por la isla de El Hierro. Ed. GEOVOL-UCLM, Ciudad 
Real, e-book, 272 p 

* IGME. (2010). Mapa y Memoria explicativa de la Hoja de Valverde (1105-II) del Mapa Geológico 
Nacional a escala 1:25.000 

* Pellicer, M. J. (1975). Estudio vulcanológico, petrológico y geoquímico de la isla de El Hierro 
(Archipiélago Canario). Tesis Doctoral, Facultad de Ciencias Geológicas, Universidad Complutense de 
Madrid: 179 pp 

* Pellicer, M. J. (1977). Estudio volcanológico de la Isla de El Hierro, Islas Canarias. Estud Geol 33:181— 
197 


Julio de la Nuez Pestana, Francisco Javier Dóniz Páez, José Luis Fernández Turiel, Laura Becerril 
Carretero, Francisco Javier Pérez Torrado, Alejandro Rodríguez González, y Ramón Casillas Ruiz 


* The data provided will be treated as proposals that may be modified in later phases of the inventory 


P From the geometric center of the place of geological interest 
* Optional delimitation 


50 


R. Casillas Ruiz et al. 


Fig. 2 Examples of some geosites from the El Hierro UGG inventory: 
pahoehoe lavas from the EH-002 EI Lajial geosite (a); San Andrés fault 
slickenside from the EH-006 The San Andrés fault (in the Barranco de 
Tifior) geosite (b); the pyroclastic cones dissected by the cliff from the 


(B) 


(C) 


(D) 


(E) 


Short description. The description of the rocky outcrop 
of interest is introduced in this section, providing the 
essential geosite data (lithology, structure, age, etc.). 
Justification of interest. In this section, it is necessary to 
indicate the interest rate of its content from the geolo- 
gycal point of view: volcanological, petrological, tec- 
tonic, etc. In addition, evaluative comments are also 
introduced about the importance of the geosite concern- 
ing the interpretation of the geological history of the El 
Hierro, the exclusivity of the geosite and its relationship 
with other aspects of the heritage (historical, archaeo- 
logical, ethnographic, etc.), as well as its valuation from 
the informative, didactic or recreational point of view. 
Justifying parameters of the choice of the place. This 
section refers to the evaluation parameters that we indi- 
cate in Sect. 2.3: the intrinsic values, the values linked to 
their potential for use (scientific, educational or touristic) 
and the values linked to their need for protection. Each 
geosite was assigned specific valuation parameters. 
Location. The province, the municipality and the 
toponymic name of the place where the geosite is 


EH-021 The pyroclastic cones dissected from the cliffs (La Punta de los 
Reyes) geosite (c); and spectacular coastal caves with columnar joints 
from EH-040 Coastal columnar joints in the Cachopo área (d) 


Œ) 


(G) 


(H) 


D 


(1) 


located are indicated. The UTM coordinates of the 
center of the area encompassed by the geosite are also 
determined. 

Description of the access route. This section describes 
the path or route to be followed to visit the geosite. The 
names of the arrival roads or the approaching paths are 
identified, etc. 

Situation diagram with delimitation proposal. A map or 
an aerial or satellite photo with the delimitation of the 
geosite is also added for a better location. 

Photograph (s) of the place. In this section, the pho- 
tographs were deemed appropriate for better identifi- 
cation and description of the geosite. 

Bibliographic references. This section lists the books, 
geological maps, scientific articles, etc., which describe 
the characteristics of the geosite. 

Author of the proposal. This last chapter indicates the 
members of the panel of experts who have proposed 
this outcrop as a geosite in the survey launch phase, 
described in Sect. of this work (Table 2). 
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The islands that underwater fire has raised above the waves,gradually become overgrown with vegetation, but 
oftenthese newly formed lands are torn apart by the action of thesame forces that made them emerge from the 
bottom of the oceans.Perhaps certain islets that today are no more than heaps of slagand volcanic ash were 
once as fertile as the hills of Tacoronte and El Sauzal. 


Alexander von Humboldt, Voyage aux régions équinoxiales du Noveau Continent fait en 1799, 1800, 1801, 
1802, 1803 et 1804. I. Paris,1816, p.113 


Abstract 


The aim of this chapter is to characterise the vegetation 
landscapes of El Hierro's Geopark, highlighting the 
important role played by the island's volcanic morphol- 
ogy in the richness and diversity of its landscapes. To this 
end, some of its most representative vegetation land- 
scapes have been selected at various spatial scales, 
recognising their main discontinuities and internal organ- 
isation, and identifying the integrated combinations of the 
geographical factors that determine them have been 
identified, with special interest in the volcanic mor- 
phostructural conditioning factors. This work has required 
photointerpretation of aerial images and consultation of 
the WMS (Web Map Service) of IdeCanarias, as well as 
field work for the preparation of vegetation profiles and 
floristic-physiognomic inventories. Active volcanic areas 
are distinguished by being some of the most dynamic 
types of landscape on the planet. In this sense, the study 
of the vegetation landscapes of the small island of El 
Hierro allows us to discover how volcanic morphogenesis 
can extraordinarily diversify island landscapes. 
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Keywords 


Vegetation landscapes * Volcanic rift * Geography of the 
vegetation * Post-eruptive plant colonisation * El 
Hierro's Geopark 


1 Introduction 


From a geographical point of view, the study of landscapes 
focuses on the analysis of the physiognomy of a territory and 
on the explanation of the interrelated forms and elements that 
make it up. From this point of view, the term landscape is 
inherent to any territory, though depending on its main ele- 
ment—natural, agricultural, urban, etc.—the techniques of 
analysis and information sources consulted will vary, the 
results of which must always be interpreted from a common 
approach inspired by the geographical foundation. Moreover, 
the territorial organisation that characterises a landscape is 
distinguished by a hierarchical structure of interdependent 
spatial units organised according to the spatial scale of study. 
It is important, therefore, to emphasise that each territorial 
organisation of a landscape is unique. Indeed, no two land- 
scapes are exactly alike because their spatial structures are 
always different (Arozena Concepción and Beltrán-Yanes 
2001; Bertrand and Bertrand 2006; Martínez de Pisón 2009; 
de Bolós i Capdevila and Gómez Ortiz 2009). 

If the term ‘landscape’ is added to the term ‘vegetation’, 
the relevance of vegetation in the territorial organisation of 
the physiognomy of a space is highlighted. Vegetation's role 
tends to be very important, except in very cold or very dry 
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places, since, together with the relief, vegetation is the main 
element in landscape characterisation, both because it con- 
tributes to its formal configuration, and because it is the 
component that best synthesises the interactions between the 
inert and the living. From this perspective, the plant com- 
ponent is fundamental for the identification of predominantly 
natural landscapes. Furthermore, the study of landscapes’ 
territorial structure at different scales allows us to understand 
the spatial dimension of the interrelated factors that condi- 
tion the geography that sustain landscape appearance. In 
short, in Biogeography from the perspective of Geography, 
the interest in knowing the living beings is inseparable from 
the territories of which they form part, because from this 
approach their knowledge allows the characterisation of the 
singularity of the territories (Arozena Concepcion 1992). 

Based on this geographic speciality, the aim of this 
chapter is to characterise the vegetation landscapes of El 
Hierro’s Geopark, highlighting the important role played by 
the island's volcanic morphology in the richness and diver- 
sity of its landscapes. This study, therefore, focuses on how 
the relief created by continuous volcanic activity has con- 
ditioned the vegetation landscapes that distinguish this 
Geopark. To this end, some of its most representative veg- 
etation landscapes have been selected at various spatial 
scales, recognising their main discontinuities and internal 
organisation, and identifying the integrated combinations of 
the geographical factors that determine them have been 
identified, with special interest in the volcanic mor- 
phostructural conditioning factors. This work has required 
photointerpretation of aerial images and consultation of the 
WMS (Web Map Service) of IdeCanarias (OrtoExpress and 
hillshade, vegetation and geology maps) (https://www. 
idecanarias.es/), as well as field work for the preparation 
of vegetation profiles and floristic-physiognomic inventories. 
Vegetation mapping was also carried out using GIS in some 
of the selected volcanic areas. 


2 Volcanic Relief as a Diversifier 
of Vegetation Landscapes in the Canary 
Islands 


Traditionally, when we focus on the study of vegetation in 
the Canary Islands, the first thing that strikes us is that the 
islands stand out worldwide for their biodiversity are parte 
of one the most important biodiversity hotspots on the pla- 
net, the Mediterranean Basin, (Médail and Quézel 1997) , 
favoured by their location at a subtropical latitude (27? 37' 
and 29? 25' north latitude and 13? 20' and 18? 10' west 
longitude). The position of these oceanic islands between 
Mediterranean and Tropical worlds allows them to display a 
significant range of flora and vegetation types, from forests 
adapted to thermophilic and dry environments, such as the 
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juniper forests, to humid environments, such as the original 
laurisilva or monteverde, or at higher altitudes, with the 
extensive Canary Island pine forests. Alongside these forest 
communities that occupy the midlands of the higher islands, 
xerophytic scrubland also grows on the coast, such as the 
cardonales-tabaibales, in which the floral and physiognomic 
affinities with the vegetation of the nearby African continent 
are noteworthy. In addition, on the highest peaks of the 
islands of La Palma (2426 m above sea level) and Tenerife 
(3717 m above sea level), the summit scrub has dominant 
connections not only to Mediterranean mountains but also 
has certain physiognomics links to tropical mountains. 

As already mentioned, the location of the Canary Islands 
contributes to this range of forest and shrub plant commu- 
nities. However, there is another geographical conditioning 
factor that determines this variety of vegetation types, which 
is the mountainous nature of these volcanic islands. The 
presence of mountainous areas that reach or exceed 1500 m 
above sea level on most of the islands introduces a geo- 
graphical factor that causes striking variations in bioclimatic 
conditions. Among the main climatic consequences are the 
circulation of the trade winds at these latitudes in the eastern 
Atlantic. This means that the slopes of the highest islands, 
exposed to these winds, between 600 and 1500 m above sea 
level, receive the highest rainfall. In this altitudinal range, 
the “sea of clouds" also occurs, which provides notable 
environmental humidity due to its frequency and a consid- 
erable water volume that contributes to the survival of 
exuberant vegetation in these dry subtropical latitudes. For 
this reason, the altitude and orientation of the 
islands-mountains give rise to multiple environmental con- 
trasts ranging from warm and dry local climates on the coast, 
to temperate and very humid on the windward slopes, cool 
with little rainfall on the leeward peaks and cold with 
irregular snowfalls on the highest peak of Tenerife (Marzol 
2000, 2001). 

Therefore, if we focus on the study of vegetation land- 
scapes, the diversity of flora and vegetation is accompanied 
by an even more surprising wealth of plant communities. 
This is the result of novel environmental conditions caused 
by the complex volcanic orography of the islands, and 
which, on some of them are notably amplified by the con- 
stant rejuvenation of the relief due to volcanic activity. 

In this chapter, we will focus on one of these 
island-mountains, built by recent volcanic activity: the island 
of El Hierro. The island is the smallest and most oceanic of 
the Canary Islands, with its highest point at the Pico de 
Malpaso (1501 m above sea level). El Hierro is distin- 
guished by having the most diverse vegetation landscapes on 
recent volcanic morphologies at different spatial scales in the 
archipelago. The variety of Canary Island volcanism in 
terms of forms, processes, eruptive materials and chronol- 
ogy, interrelated with the subtropical climatic conditions of 
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the islands, gives rise to multiple changes in vegetation 
landscapes over a very small and irregular island surface 
area. In addition, over the last few centuries, human action 
has also altered the natural vegetation landscapes. 


3 The Vegetation Landscapes of El Hierro 
on an Island Scale 


As already mentioned, El Hierro is one of the most recent 
islands of the archipelago and a large part of its territory is 
covered by volcanic cones and lava flows. It has traditionally 
been considered a dry island due to its geological youth, 
however, this is due more to water availability than to cli- 
matic drought. The recent nature of the volcanoes and the 
high porosity of the eruptive materials have not contributed 
to significant underground water storage, which, together 
with the absence of impermeable soils, has not facilitated the 
emergence of natural springs. However, its orography and 
more westerly position provide it with a generally humid 
environment that links El Hierro to the climatic regime of the 
other higher western islands. 

In order to characterise the vegetation landscapes of El 
Hierro, it is necessary to initially distinguish the basic ele- 
ments that make up its "territorial vegetation mosaics" and 
which correspond to the most representative plant commu- 
nities of the main natural ecosystems of this island. How- 
ever, these vegetation types may present internal nuances in 
their floristic composition and structure depending on geo- 
graphical factors on a more local scale. Their unequal 
location, extension, distribution and continuity in the terri- 
tory, as well as the spatial relationships established between 
them, constitute an original geography of the vegetation that 
distinguishes El Hierro's Geopark. 


3.1 El Cardonal-Tabaibal 

The cardonal-tabaibal grows between sea level and 
approximately 450 m above sea level (Aguilera et al. 1994) 
and is associated, over the first metres, with coastal halo- 
philous scrubland in predominantly saline environments. On 
the island’s southern slope, this vegetation unit reaches 
higher altitudinal levels until it meets the juniper forest 
(Aguilera Klink et al. 1994), and on the northern slope it 
extends up to 300 m above sea level. This scrub has phys- 
iognomic adaptations to a warm local climate, with average 
temperatures that can exceed 18 °C, and receives annual 
rainfall of between 150 and 250 mm (Marzol 1988; Aguilera 
et al. 1994). Adaptations to this climate include the devel- 
opment of succulent tissues, reduction of leaf area and 
spinescence to counteract evaportranspiration (Pérez de Paz 
et al. 1981; Sánchez Pinto 2005) (Fig. 1a). 
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The cardón (Euphorbia canariensis) and the sweet 
tabaiba (Euphorbia baslsamifera) are the most representa- 
tive species of this plant community. Associated with this 
scrubland is the bitter tabaibal, which forms ecotonic zones 
with the juniper groves and whose most distinctive species is 
the bitter tabaiba (Euphorbia lamarckii). This floristic indi- 
vidual has a short, thick main trunk that branches out 
abundantly, giving rise to globular crowns. Accompanying 
species include Kleinia neriifolia (verode), Periploca laevi- 
gata (cornical), Rumex lunaria (vinagrera) and Schizogyne 
sericea (salado), among others. The richness and cover of 
this plant community can vary according to humidity con- 
ditions and the effects of human activity. 


3.2 The Juniper Grove 


One of the best representations of the thermophilic forest of 
the Canary Islands are the juniper forests of El Hierro. This 
open sclerophyllous forest of Mediterranean affinity receives 
annual rainfall totals between 200 and 500 mm and thrives 
at average temperatures between 17 and 19 ?C (Aguilera 
Klink et al. 1994; Fernández-Palacios et al. 2008). In El 
Golfo, in the north of the island, there is a humid juniper 
forest located between 400 and 600 m asl, below regular 
contact with the sea of clouds. 

To the south, El Hierro's junipers have a more open 
distribution and a characteristic creeping habit (Fig. 1b), 
arising from the adaptation of Juniperus 
subsp. canariensis to the frequent action of the prevailing 
winds at the summit. In addition to juniper, the most com- 
mon species are bitter tabaiba (Euphorbia lamarckii), verode 
(Kleinia neriifolia), tasaigo (Rubia fruticosa) and salado 
(Schizogyne sericea) (del Arco et al. 2006). 


turbinata 


3.3 The Monteverde or Laurel Forest 


Above the juniper forests and on the windward slopes, under 
the regular effect of trade wind clouds, the monteverde forest 
has developed thanks to the mild temperatures between 13 
and 17 °C and rainfall of around 1000 mm (Fernandez-Pa- 
lacios 2009). However, these laurel forests do not show 
mature expressions (Santos Guerra 2000), and some of the 
most characteristic species of this forest community are 
missing. In El Hierro’s monteverde, mostly thermophilic 
species dominate, such as Apollonias barbujana subsp. bar- 
bujana (barbuzano), Arbutus canariensis (madrofio), Erica 
canariensis (heather), Morella faya (faya), Picconia excelsa 
(paloblanco) and Viburnum rugosum (follao). These species 
form dense, evergreen forests (Fig. 1c) (Pérez de Paz 1990; 
Guzman Ojeda et al. 2007), although when faya and heather 
predominate in some areas, they are mainly replacement 


56 


Fig. 1 Examples of the most 
characteristic plant communities 
of the island and which form part 
of the vegetation landscapes of 
the Geopark: a Cardonal-tabaibal 
in La Galera; b Juniper forest (La 
Dehesa); c Fayal-brezal 
(Jinamar); d Pine forest (El 
Julan). Source The authors 


forests resulting from anthropic action and degradation. An 
example of this latter expression of monteverde is the fayal 
de La LLanía, with a floristic composition and structure that 
is highly conditioned by traditional livestock exploitation 
(Arozena Concepción et al. 2017). 


3.4 The Pine Forest 


Finally, the third forest community in the Geopark is the 
Canary Island pine forest, which is made up of stands of 
natural and reforested pine forest. It is located on the summit 
and leeward slopes of the island and is located at between 
800 and 1450 m above sea level. The pine forest grows in a 
drier and thermally varied environment with annual rainfall 
above 300 mm and average annual temperatures ranging 
from 11 to 19 °C (Arévalo and Fernández-Palacios 2009). It 
is a tall, monospecific forest composed of Canary Island pine 
(Pinus canariensis) that forms an open tree canopy, with a 
very poor understory floristically in which Lotus campylo- 
cladus ssp (corazoncillo), Trifolium ssp., Micromeria ssp., 
Hyparrenia hirta and, locally, Echium aculeatum (ajinajo) 
can be found (Fig. 1d). 

As has already been pointed out, these plant communities 
make up the main units or ‘tesserae’ of the different 
geographies that spatially articulate El Hierro's landscapes. 
From this point of view, a first general observation of the 
island reveals an altitudinal organisation of the vegetation 
with internal changes produced by orientation to the frequent 
trade winds. In the coastal sectors, a unit of xerophytic 
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scrubland can be recognised, and as the altitude increases, 
there is a concentration of the forest mass up to the summit 
of the island, which is clearly crowned. In this forest unit, 
there are physiognomic and floristic differences between the 
thermophilus forest of the lower altitudinal areas, the mon- 
teverde forest of the higher midlands to the windward and on 
the summits, and the pine forests that extend along the 
culminating sectors and slopes on the leeward side. 

This main territorial organisation of the vegetation land- 
scape is due to the presence of a vigorous and abrupt vol- 
canic relief with a maximum age of 1.2 Ma (Guillou et al. 
1996), which at its highest point reaches 1501 m asl and is 
distinguished by a triangular layout, built from the triaxial 
system of high volcanic edifices or rifts that constitute its 
volcanic summits (Guillou et al. 1996; Carracedo et al. 
2001). The volcanic rift is a longitudinal morphostructure 
characterised by volcanic activity, and whose construction is 
spatially organised around a main tectonic axis that accounts 
for the greatest number of eruptive phenomena of predom- 
inantly basaltic composition. A large volcanic construction 
is thus created by the superposition and juxtaposition of 
multiple monogenetic volcanoes (Romero 1986, 1991; 
Dóniz-Páez 2009). The spectacular topographic amphithe- 
atre of El Golfo, located to the north of the island, and 
resulting from one of the most important gravity slides ever 
to have occurred on El Hierro (between 21,000 and 
130,000 years ago; Carracedo 2008), gives it its character- 
istic crescent shape. The small surface area in relation to the 
maximum height of the island means that El Hierro has the 
steepest average slopes in the archipelago. 
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Fig. 2 NNW-SSE vegetation profile of the island of El Hierro. Source Idecanarias, Self-elaboration 


Consequently, the altitude of El Hierro's volcanic relief 
explains the variety of forests it presents by hindering the 
circulation of oceanic winds, giving rise to environmental 
contrasts and the consequent discharge of abundant water 
resources on the windward slopes and on part of its summits. 
The vegetation profile that summarises this geography of the 
vegetation landscape runs from north to south through the 
central part of the Geopark (Fig. 2). 

This profile begins on the coast of the Valle del Golfo, 
around Los Arenales, where the halophilic plant community 
of thyme (Frankenia ericifolia) and servilleta marina 
(Astydamia latifolia) grows and is in contact with the mar- 
esia, and the sweet tabaibales and cardonales typical of the 
coastal xerophytic environment. The extension of this part of 
El Golfo has facilitated greater settlement (Belguera, Tiga- 
day, Los llanillos, etc.) and the expansion of agriculture, 
reinforced over the last few decades, which has profoundly 
altered the original geography and characteristics of the 
cardonales-tabaibales and the humid juniper groves. Indeed, 
this has left the latter plant community reduced to a small 
discontinuous unit at around 500 m above sea level. As we 
approach the escarpment of El Golfo and ascend, we can 
recognise different replacement thickets, such as bitter 
tabaibales (Euphorbia lamarckii), inciensales (Artemisia 
thuscula) and granadillares (Hypericum canariense) among 
the abandoned crops of the dominant detrital accumulations. 
However, it is from this last altitudinal level onwards, where 
the imposing escarpment of El Golfo, with slopes that reach 
a height of 1000 m in the easternmost sector, gives rise to a 
marked spatial change in the floristic composition and 
physiognomy of the vegetation. 


The presence of this high wall that encloses this great 
depression to the south has further protected the forests from 
human activity and introduced a strict altitude control as an 
organiser of the forest landscape. The monteverde forest and 
fayal-brezal vegetation landscape units therefore appear 
territorially suspended vertically, as if they were literally 
ascending the slope until they reached its summit (Fig. 3). 

This clear discontinuity in the landscape between scrub- 
land and woodland in the north of the island is further 
reinforced by the concave and semi-circular topography of 
El Golfo to the NNW. This facilitates the concentration of 
water from the Atlantic winds, essential for the survival of 
the monteverde forest. 

Once this great escarpment has been crossed, the vege- 
tation landscape adapts to the presence of the N-S rift of El 
Pinar, which generates a volcanic alignment with a general 
convex topography that descends progressively to the 
southern tip of the island. The construction of this volcanic 
rift from parallel structural lines with a dominant north— 
south direction (Carracedo 2008) has given rise to a large 
longitudinal volcanic relief with a flat summit and a maxi- 
mum height of approximately 1300 m above sea level. 

The first thing that is striking about the vegetation on this 
southern slope is the spatial organisation of the forests. The 
flow of trade wind clouds over the summit allows the growth 
of fayal-brezal on the upper areas of this slope, with the pine 
forest (Pinus canariensis) below it. Only locally can this 
distribution be modified by the spatial discontinuities caused 
by the lapilli surfaces of the most recent eruptions or by the 
pine reforestation conducted on El Hierro during the last 
century (https://www.idecanarias.es/). Therefore, the pine 
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Fig. 3 Image of El Golfo with 
the dense forest cover of the 
monteverde on the escarpment. 
Source http://www. 
fotosaereasdecanarias.com 


forest in its natural distribution is characterised by a forest 
floor on the leeward side of the slope, which currently covers 
large areas located between the escarpment of Las Playas 
and the slopes of El Julan. 

As we go down this slope, the pine forest is replaced by 
juniper forest through an ecotonic floor. However, the flat 
summits of this volcanic morphostructure have been used for 
traditional livestock farming and agriculture, typical of the 
midlands of the south of the island with its water and soil 
resources, so that from around an altitude of 800 m, the 
forest is discontinuously located spatially. In this sector, 
areas of crops can be recognised, alternating with replace- 
ment scrubland in those plots where agriculture has ceased. 
Here, incense bushes (Artemisia thuscula) are frequent, 
together with other nitrophilous scrubland, which is also 
conditioned by grazing. Finally, from 400 to 350 m above 
sea level, there is a clear spatial discontinuity in the vege- 
tation landscape, which is related to the presence of exten- 
sive, more recent volcanic surfaces corresponding to 
volcanic cones, badlands and coastal lajiales. This coastal 
sector has an open cover of dominant species, such as salado 
(Schizogyne sericea), also known on the island as irama, and 
tabaibas (Euphorbia lamarckii), in which the age of the 
volcanoes, the type of volcanic substrate and traditional 
farming uses are determining factors in interpreting the 
floristic changes and the structure of the vegetation. 


4 The Vegetation Landscapes 
of the Volcanic Rifts of the Geopark 


Differences in location, spatial arrangement and topography 
of El Hierro's rifts, originating from the recent volcanism, 
mean that the vegetation landscapes of these volcanic 
alignments present striking contrasts in their features and 
spatial organisation. 
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Thus, on the N-S southern volcanic rift, its location on the 
leeward side of the island gives the pine forest landscape a 
prominent role, whereas on the north-eastern volcanic rift, 
on the windward side, there is monteverde forest. This 
volcanic edifice, with an altitude of just over 1300 m above 
sea level and built from NE-SW oriented tectonic patterns 
(Carracedo 2008), has high humidity that promotes the 
development of monteverde forest at its summit, as can be 
seen today on some of its volcanic cones. However, much of 
the laurel (monteverde) forest of these mountains was 
ploughed up for agricultural use in the seventeenth century 
due to the quality of its volcanic soils (Hernández and Niebla 
1985). 

The exceptional conditions of humidity and the presence 
of this forest generated the best land on the island on a pla- 
teau, which has been given over to traditional livestock 
farming alternating with subsistence crops. Therefore, at 
present, on the north-eastern rift, an altitudinal organisation 
of the vegetation landscape can be identified in which there is 
a cardonal-tabaibal in different states of conservation on the 
coast, replaced from 250 to 300 m above sea level by shrub 
and nitrophilous formations in areas where traditional farm- 
ing uses have ceased. The thickets of bitter tabaiba 
(Euphorbia lamarckii), vinagreras (Rumex lunaria) and 
incense (Artemisia thuscula) alternate in the landscape 
depending on altitude, orientation and the time when farming 
or agricultural activity ceased, until they meet at the summit 
with fayal-brezal of the protected area of Ventejís (Fig. 4). In 
this sector, the fayal-brezal is spatially combined with other 
vegetation units such as thistle grasslands (Galactites 
tomentosus) and tagasaste crops (Chamaecytisus proliferus 
subsp. proliferus var. palmensis), which highlight the use of 
this mountain for preferential livestock farming. The upper 
forest floor of this second profile corresponds to a reforested 
pine forest with the foreign species Pinus radiata, which 
replaces the monteverde characteristic of this volcanic rift. 
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By contrast, the western orientation of the island's third 
volcanic rift with a WNW-ESE main orientation, together 
with its original local topography, causes striking differences 
in the Geopark’s vegetational landscapes. This high align- 
ment of recent volcanoes has its highest point on the island 
at Pico de Malpaso (1501 m above sea level). Additionally, 
it has the peculiarity that the large landslides of El Golfo to 
the north and Julan to the south have considerably narrowed 
its summit. On the other hand, the summit between 
approximately 400 and 1000 m above sea level has a flat and 
more extensive topography, which descends gently until it 
reaches a cliffy coastline. 

The vegetation landscape of this volcanic rift is organised 
altitudinally with a xerophytic coastal scrubland dominated 
today by irama (Schizogyne sericea), which is replaced at 
around 350 m above sea level by a juniper forest in the La 
Dehesa area, which is one of the most representative forest 
landscapes on the island (Fig. 5). The characteristic aero- 
dynamic shapes of this open forest are due to the persistent 
action of the NE winds (Fig. 1b) at the summit. The fact that 
this altitudinal section corresponds to an orographic sector of 
considerable extension emphasises the juniper forest in the 
vegetation landscape of this volcanic mountain, whose 
regeneration, biodiversity and structure are conditioned by 
past use of this forest (Salvá Catarineu et al. 2012). The 
vegetation profile of the summit of this volcanic rift is 
completed at altitude by the pine forests of Pinus 
canariensis, whose surface area has been enlarged by 
reforestation. Alongside these forests, replacement scrub and 
grasslands composed of bitter tabaiba (Euphorbia lamar- 
ckii), vinagreras (Rumex lunaria), incense (Artemisia thus- 
cula) and thyme (Micromeria hyssopifolia) are organised 
spatially depending on altitude and orientation, and, once 
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again, they reflect common livestock use on the island. 
However, discontinuities in the vegetation landscape caused 
by recent volcanic events on this rift, such as those linked to 
the summit pyroclast fields of the Tanganasoga volcano, also 
locally organise the vegetation of this volcanic mountain 
alignment. 


5 Vegetation Landscapes on a Local Scale: 
The Tesoro Volcano 


The analysis of vegetation landscapes on a larger spatial scale 
allows us to identify new vegetation landscapes in these 
mountains, related to the most recent volcanism. This is a 
typical disturbance factor in the natural dynamics of vegeta- 
tion landscapes in active volcanic territories. These landscapes 
respond to a process of primary plant succession in which 
primocolonising vegetation settles on a rocky surface devoid 
of soil, with very low fertility and lacking in organic matter 
(Smathers and Mueller-Dombois 1972; Hendrix 1981). 

For the study of this type of vegetation landscape, the 
Tesoro volcano has been selected. It is located on the 
north-eastern volcanic rift, in Tamaduste, a coastal rift. This 
Holocene volcanic edifice of monogenic character and 
basaltic composition presents a volcanic cone with funnel 
craters and basal emission centres through which most lava 
of different typologies flowed (Dóniz-Paez et al. 2009). The 
overflow of the lava along the rift generated lava deltas from 
the superposition of lava flows, in which lava forms aa, lava 
balls and lava blocks can be identified. Likewise, in the 
interior of the volcano, some forms of modelling can also be 
recognised, such as detrital fans of torrential origin, which 
cover certain parts of the coastal lava platform. 
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Fig. 5 Vegetation profile (1) and 
topographic profile of the La 
Dehesa sector (2) in the western 
rift. Source Idecanarias, 
Self-elaboration 
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The climatic zone in which this volcano is located is 
semi-arid, characteristic of Canary Island coasts, although its 
exposure to the humid north-easterly winds means that it 
receives high levels of humidity most of the year. The 
vegetation is therefore defined by the presence of a xero- 
phytic scrubland made up mainly of Rumex lunaria, Kleinia 
neriifolia, Schizogyne sericea and various species of the 
genus Aeonium sp. accompanied by a tapestry of thallo- 
phytes, which presents varied spatial units depending on the 
floristic composition, size and cover of the shrub formation. 

When the vegetation landscapes of the most recent vol- 
canoes are analysed in a semi-arid environment, which is the 
dominant one in the Canary Island archipelago, thus con- 
serving the original volcanic forms hardly transformed by 
modelling and erosion, it is surprising to see the forceful 
control exerted by the morphology of the Tesoro volcano in 
the process of plant colonisation (Beltran Yanes 2000; 
Beltran Yanes and Dóniz Páez 2009). Topography, through 
local environmental changes and the regulating effects of 
morphoclimatic processes, as well as the shapes and surface 
textures of the volcanic substrates, constitute the funda- 
mental geographical determinants of the vegetation land- 
scape. In this way, different types of scrublands can be 
distinguished in El Tesoro that coincide territorially with its 
main morphological units and present the following char- 
acteristics (Fig. 6). 

On the volcanic cone and lapilli fields, in addition to 
accumulations of pyroclasts and lava slopes (highly frag- 
mented lava material) that cover the cliff, there are mainly 
calcareous plants (Rumex lunaria) that form an open 
scrubland, affected by the lack of stability of these eruptive 
materials. The topography of the volcanic mountain and the 
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cliff also accentuate the displacements of the substratum by 
gravity and torrentiality. 

On the other hand, on the lava flows located on the cliff, 
and therefore in the same environmental sector as the pre- 
vious unit, the more stable and continuous nature of the lava 
surfaces favours a significant presence of aerohygrophilous 
and heliophilous lichens, such as Ramalina bourgaeana, 
Xanthoria resendei, etc., which do not grow on the pyro- 
clasts. Associated with the thallophytes, there is also open 
scrub, but more diverse, of Kleinia nerüfolia, Rumex 
lunaria, Aeonium sp. and ferns, such as Allosorus fragilis, 
helped by these substrate characteristics. 

On the coast, the lava flows show other local variations in 
vegetation, strongly influenced by the saline environment, 
but, above all, by the morphology of lava flows. In the thick 
blocky lava flows, there is a minimal presence of vegetation 
with isolated elements of Kleinia neriifolia with clear rupi- 
colous and fissuriferous adaptations. These are very massive 
lavas with deep intercalated cracks that show very limited 
weathering processes. By contrast, on the aa lava flows 
located to the north of the lava delta, their more scoriaceous 
and vacuolar texture facilitates the disintegration of the lava 
substrate and, therefore, an increase in the presence of 
vegetation with a thicket of Rumex lunaria, Schizogyne 
sericea and Kleinia neriifolia. 

However, one of the most striking vegetation units from 
the point of view of plant colonisation of this volcano are the 
dense thickets of Schizogyne sericea on the alluvial deposits 
on the lava platform. The development of detrital fans 
originating from the concentrated runoff through lava 
channels on the coastal slope has given rise to thickets with 
the highest cover rates on the volcano. This halophilic 
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Fig. 6 Vegetation map of 
Volcan del Tesoro. Source and 
cartographic base Idecanarias. 
Self-elaboration 
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scrubland covers 60% of the surface with a maximum height 
of 1.50 m. The main floristic elements are salt cedar 
including Schizogyne sericea , Rumex lunaria and Kleinia 
neriifolia. The existence of this plant community constitutes 
a unique vegetation unit in the study of the plant colonisation 
of recent volcanic territories. It is associated with the 
allochthonous soils, which even contain their own biological 
capital (propagules and seeds), and are the result of a very 
rapid local transformation of the original morphology of the 
volcano (Beltran Yanes 2000). From the perspective of the 
study of the influence of biotic and abiotic factors on the 
changes in time and space of post-eruptive colonising plant 
communities, there are interesting contributions made in 
other volcanic areas such as the Kula Volcano, Turkey (Oner 
and Oflas 1977), Paricutin (Mexico) (Velazquez et al. 2000) 
and the Tolbachinskii Dol Volcanic Plateau (Korablex and 
Neshataeva 2016) and Tolbachinsky Dol, in Kamchatka 
(Grishin 2010). 


6 Conclusions 


El Hierro is an excellent example of the close relationship 
between volcanic morphogenetic processes and the island's 
vegetation landscapes. The wealth of volcanic morphologies 
at various scales creates multiple, interdependent vegetation 
geographies that also contribute to defining the territorial 
physiognomic identity. 

Thus, taking an overview, not only does the vigorous 
volcanic relief establish spatial contrasts in the vegetation 
between the windward and leeward sides of the island, but 


also the basic structure of its orographic framework, traced 
by the central crossroads of volcanic rifts with different 
morphology and spatial arrangement, establishes other 
variations in the bioclimatic conditions and vegetation 
landscapes. In this sense, the altitude and orientation of these 
mountains with respect to the trade winds determines the 
differentiated organisation of their plant mosaics. But also, 
from this perspective, it is striking how the different loca- 
tions of the plateaus in these orographic elevations, sculpted 
by the gravitational landslides on their slopes, give rise to an 
unequal landscape relevance of the various forests in El 
Hierro. This novel volcanic relief has even conditioned the 
spatial organisation of the traditional uses and exploitation of 
the island’s natural resources. Therefore, this factor is also 
essential for the geographical interpretation of the current 
state of the vegetation, reflected in the structure and floristic 
composition of the plant communities. 

On a larger spatial scale, El Hierro’s vegetation land- 
scapes offer new characteristics and spatial structures 
derived from the most recent volcanic activity. This activity 
has introduced a factor of perturbation and renewal of the 
natural dynamics of the plant communities and landscapes. 
In these cases, the age of new structures and their morpho- 
logical units are determining factors in the territorial change 
of the vegetation, although they are always dependent on the 
prevailing climatic conditions (Beltran-Yanes 1992). 

In short, active volcanic areas are distinguished by being 
some of the most dynamic types of landscape on the planet. 
In this sense, the study of the vegetation landscapes of the 
small island of El Hierro allows us to discover how volcanic 
morphogenesis can extraordinarily diversify island 
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landscapes. There is no doubt that eruptions suddenly 
change, alter and destroy the vegetation, fauna and land- 
scape of the places affected, with often catastrophic conse- 
quences for the population. However, this chapter aims to 
highlight another perspective of volcanism related to the 
renewal of landscapes and its important role in the con- 
struction of new and original territorial configurations, 
which, from the point of view of the study of the vegetation 
landscapes of oceanic volcanic islands, the Canary archipe- 
lago stand out worldwide for its diversity. 
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Abstract 


El Hierro has had an evolution in terms of its population 
in close relation to a series of historical, economic and 
social transformations that have left an important mark on 
the landscape. In general terms, we could affirm that the 
evolution and distribution of the population has been 
conditioned by economic cycles and modes of produc- 
tion, which have worked in accordance with the interest 
of local and regional elites. 


Keywords 
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1 Pre-European Population and Settlement 


The first Bimbache or Bimbape (names given to indigenous 
people) settlement on the island of El Hierro is based on the 
speculative and hypothetical assumptions that characterize 
the scientific studies of the Canary Islands’ prehistory. Thus, 
despite the advances in archaeological science, there are still 
more questions than answers regarding the islands’ early 
pre-European settlers. 

We can, however, affirm the North African character of El 
Hierro’s first settlers, without specifying how and why they 
settled on the island. The first settlement was around 338 A.D. 
with a possible date range of between 212 A.D. and 489 A.D. 
(Jiménez Gómez 1993). This population survived by rearing 
small livestock, rudimentary cereal cultivation and other 
farming and fishing activities, all in an environmental context 
characterized by a small territory and limited water and soil 
resources. These natural circumstances together with the pirate 
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raids in search of slaves in the years prior to their conquest were 
a serious limitation for El Hierro’s population development. 

Determining the exact population size for this period is a 
challenging archaeological task. While awaiting advances in 
the field, ethnohistorical sources can, however, provide us 
with some data, starting with the chronicles of the friars who 
accompanied the first expeditions to conquer the islands at 
the beginning of the fifteenth century led by Jean de 
Béthencourt and Gadifer de La Salle. This source, for a 
period immediately prior to the first European invasion, 
limits itself to saying that on El Hierro “few people remain” 
(Le Canarien 1959), in clear reference to the abundant slave 
raids to which the island had been subjected for a long time. 

But how many people could we be talking about? In the 
absence of exact sources, estimates point to a potential 
Bimbache population prior to the conquest of between 500 
and 1400 inhabitants (Macias Hernandez 1992; Junyent 
2013), who were organized in dispersed villages without 
constituting permanent settlements, taking advantage of the 
different and seasonal bioclimatic periods to obtain pastures 
and access to water. From very early on, a fundamental 
characteristic of these settlements was their periodic vertical 
and horizontal seasonal mobility. 


2 The European Occupation 
From 1404 to 1405, after the arrival of the troops of 


Béthencourt and La Salle, the first permanent settlement of 
Europeans on El Hierro occurred.’ It was made up of 120 


! The conquest and colonization of the island of El Hierro was carried 
out in two phases: the first by Norman nobles and the second by 
Castilian nobles, both in the service of the Kings of Castile. This form 
of conquest and colonization is known as seigniorial and is character- 
ized as a particular enterprise of the lords, who obtained feudal or 
feudal rights from the king over the conquered lands. El Hierro and La 
Gomera shared a lordship with a hereditary character until its 
disappearance in the nineteenth century. 
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inhabitants (Le Canarien 1959), French and Flemish, to 
whom López de Ulloa in 1646 also added Castilians and 
indigenous people from the neighbouring island of La 
Gomera (Morales 1978). 

During this first stage, also called the Norman stage due 
to the origin of the conquerors, to avoid the departure of the 
small number of settlers, the Lord exempted them from 
paying rents and gave them land and caves to give them a 
fair chance of survival. In an extensive and imprecise area, 
this first settlement was located at 600 m asl. in the humid 
midlands, in the northwest of the island, in a large area that 
the ancient local people called Amoco. A place that provided 
the settlers with land, caves and pastures, as well as the 
possibility of obtaining water through the use of so-called 
“horizontal rain”, which they collected in small ponds.” This 
according to the Bimbache tradition involved the miraculous 
or saintly tree from which water flowed and which the locals 
called Garoé.? 

The Norman influence on El Hierro was slight. They were 
limited for decades to leaving symbolic evidence of their 
presence, such as the practice of a subsistence economy, as 
well as developing small extractive activities, on an island, at 
that time, still not under absolute control by the European 
settlers. It was not until the incursion of Fernán Peraza the 
Elder and Captain Juan Machin (1449-1450) that the island 
was finally pacified, and its true colonization began. 

The settlers who arrived on El Hierro from the second 
half of the fifteenth century onwards proposed a different 
model to their Norman predecessors. From the simple 
occupation and extractive strategies of the Normans, they 
moved to a productive economy. However, in their strate- 
gies, the colonists were limited at that time by insurmount- 
able environmental obstacles: the island had no soil and no 
water, fundamental resources for the implementation of an 
agro-export economy represented at that time by sugar cane. 
This condition not only prevented new settlements of colo- 
nists, but also incited the desertion of the existing ones, to 
the point of the Lord prohibiting the departure of those 
established there to Gran Canaria at a time when this island 
began to be colonized (Lobo 2019). Hence, this recolo- 


? Horizontal precipitation, mist, hidden or horizontal rain, occurs when 
the mist passes through the forest canopy pushed by the wind and the 
water droplets that constitute it are filtered by it, depositing and 
merging to form larger droplets that end up falling to the ground. 

3 Tree of the lauráceas family, probably a Til or Tilo (Ocotea Foetens), 
whose leafy branches captured and distilled the water from fog, water 
that was collected in hollows located at its foot. A storm brought down 
this legendary tree in 1610. The story of the miraculous tree resonated 
intensely in the western world for centuries. Tradition has it that it was 
not the only natural “fog-catcher” on the island. 
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nization meant, in its first phase, only modest population 
growth, because along with the arrival of troops, there was 
also the departure of many others. 

The Castilian reconquest did not mean a break with the 
indigenous economic model, which was maintained until at 
least the second half of the sixteenth century with the 
pre-Hispanic livestock rearing as the dominant productive 
activity. This provided income for the Lordship in addition 
to those derived from forestry exploitation (wood and pitch) 
and the seasonal harvesting of dye plants, such as orchilla 
and pastel grass, the latter was already being commercialised 
in the sixteenth century. 

And what happened to the indigenous society? Colo- 
nization came at a high cultural and human cost. European 
pathogens, slavery and fighting depleted the local inhabi- 
tants’ forces. The Bimbache chiefs surrendered, and these and 
some indigenous people took Castilian names and customs. 
A mostly male colonization meant the unions with local 
women led to a mestizo and multicultural population. In this 
way El Hierro, Finisterre and other frontier lands, received 
old and new Christians, Jews, free men and a few slaves, who 
coexisted and merged with the free Bimbache and who settled 
in cattle-raising areas. However, in this mixture, indigenous 
knowledge about the environment survived. Indeed, its use 
has been decisive for the survival and subsequent food pro- 
duction of the island, as well as its voices, phrases and some 
native socio-cultural elements that still remain in the docu- 
mentary and oral memory of the island. At the end of the 
fourteenth century, El Hierro had a population of eighty 
neighbours (Bernáldez 1962), around 300 inhabitants. A fig- 
ure that partially coincides with the forty fathers of a family 
or 200 inhabitants that Bartolomé García del Castillo would 
point out centuries later when referring to the population at 
this time (García del Castillo 2003). 


3 The Partition and Its Demographic 
Influence 


The development of sugar cultivation was ecologically 
impossible, and the island faced a bleak prospect of colo- 
nization. Therefore, as an incentive and with the aim of 
obtaining a few hundred doblones from their production, the 
Lords ceded in the 1500s a part of their private domains: 
land, water, caves, beehives, etc., on the condition that they 
were put into production over a period of time, charging 
little or no rent for their use and only quintos (one fifth of the 
value of produce) and custom duties on the trade of some 
products: wool, cheese, fish, barley and small livestock. 
These conditions attracted the population and a small group 
that benefited from the partition consolidated themselves as 
an insular ruling class with significant political power and 
social ascendancy. 
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A dry-stone wall, an albarrada, separated land into pri- 
vate and communal uses. Most of the island was initially 
outside the albarradas for common use, but soon (1602) the 
first usurpations of this communal patrimony took place. In 
1637, land outside an albarrada (Nisdafe) was divided into 
two strips in which livestock use alternated with crops 
during fallow periods, in an attempt to end a historical 
struggle between farmers and herders over the areas of 
communal use. 

These partitions produced a late repopulation. At the end 
of the sixteenth century (1585), the island’s population 
increased from 300 inhabitants to 1300 inhabitants (Marco 
1943). Its main population centre (Valverde) was established 
in the aforementioned area known as Amoco, which became 
the main political and religious centre of the island, as well 
as the residence of the main beneficiaries of the land dis- 
tributions. In 1590, Valverde had 250 houses (Torriani 1959) 
and according to Abreu Galindo at the end of the sixteenth 
century it had “more than a thousand people” (de Abreu 
Galindo Fr 1940). This number could well represent prac- 
tically the whole island’s population. 

From Valverde, at the end of the sixteenth century, a 
branch of small settlements around the Nisdafe plateau 
began to consolidate. To the north and northwest, taking 
advantage of the supply of water, pasture and firewood, new 
livestock and agricultural enclaves appeared. To the south- 
west, the area of San Andrés de Azofa, was a cereal and 
livestock farming area, with more than a hundred neighbours 
benefiting from the Acof spring, the pools of water and the 
nearby pastures. The rest of the island in the sixteenth cen- 
tury was still sparsely inhabited. The south and southwest, 
with less soil and scarce water, remained as a pasture area 
with some semi-permanent pastoral enclaves. This is the 
case of La Dehesa, home since 1546 to the patron saint of 
the island, the Virgen de los Reyes. 


4 Demographic Effects of the Canary Islands 
Economic Model on the island's 
Population 


The bonanza of agro-export production in the Archipelago 
during the sixteenth and seventeenth centuries relaunched 
the economy on other islands. Many areas were turned over 
to sugar cane and vine cultivation. The commercial fleets 
that were provisioned in the Canary Islands and the military 
defences of the archipelago required agricultural and live- 
stock products for their basic needs and El Hierro, together 
with other islands, provided these. Cereals (barley) and 
pulses were sent from El Hierro to Tenerife and Gran 
Canaria once internal demand had been satisfied. As the 
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dominant economic activity, livestock farming was of con- 
siderable importance, providing meat, cheese and cured 
meats, as well as live cattle. Already in the seventeenth 
century, there was no shortage of Herreño wine and brandy 
on the islands with agro-exporting economies. 

In this context, the population increased due to mainland 
and regional immigration. The Census of the Inquisition of 
1605 indicated that Valverde had already reached 250 
neighbours, around 1000 inhabitants (Lobo Cabrera 1984— 
1986). As the population increased, it expanded towards the 
north, where cattle rearing alternated with agriculture, and 
with disperse populations developing in the surrounding 
areas (Rumeu 1947). 

The Synods of the Bishop Cámara and Murga in 1629 
indicated a population of 600 neighbours, more than 2700 
inhabitants (Diaz and Rodríguez 1987). This was significant 
population growth, a consequence of new arrivals in the 
early decades of the seventeenth century. At that time, the 
island was growing at a rate of 1.05% (1590-1680), a figure 
well above the Archipelago average of 0.7396 (Macías 
Hernández 1988). Bishop Bartolomé García Jiménez's cen- 
sus (1676-1689) confirmed these rising figures, with num- 
bers of around 3500-4000 inhabitants by the end of the 
seventeenth century, and even reaching 4500 inhabitants in 
1680 (Sánchez Herrero 1975). 

Díaz Padilla and Rodríguez Yanes (1990) using the par- 
ish registers of 1680 showed how Valverde was the main 
population centre with 939 inhabitants in that century. It was 
the home of the landowning class, with a significant number 
of two-storey houses. The area that borders Nisdafe to the 
north and northwest and which sourced Barlovento or Las 
Vegas, already showed outstanding production linked to 
areas of new agricultural land and pastoral activity. The 
region of Barlovento had at this time more population than 
Valverde, 1078 people spread in an increasingly disperse 
way from the town to the border with the Valley of El Golfo. 
The dwellings in this area were made of stone and tiles, yet 
there was no population nucleus. The rest of the island was 
still sparsely populated with 1131 inhabitants divided 
between San Andrés de Asofa with 758 and El Pinal de S. 
Antonio (El Pinar), which by this time was reclaiming land 
from the mountains and had 318 inhabitants. El Golfo was 
still far from being the prosperous population that it would 
be in the future. Most of the island was inhabited by a 
pastoral and transhumant population, with only a few straw 
houses and cave dwellings, and there was only one house in 
the whole valley of El Golfo. Another aspect of interest was 
that most of these dwellings were without doors, testifying to 
their temporary nature and indicating seasonal residence 
changes in order to obtain a balance in the production of 
basic necessities. 
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5 Economic Crises and Their Impact 
on the Population of El Hierro 


In the mid-late seventeenth century, the population dynamics 
changed from rapid growth due to immigration to only slight 
growth or stagnation based on natural population dynamics 
and a relative emigration effect. This situation coincided 
with locust plagues (1698, 1703 and 1726); hurricanes and 
storms (the Virgin of Los Reyes was named patron saint in 
1643 after an intense period of these events); as well as with 
abundant droughts (from 1741, it was decided to move the 
island’s patron saint every four years from her hermitage in 
La Dehesa to Valverde because of the lack of rain). All these 
natural setbacks caused a decrease in agricultural and live- 
stock production, food shortages and poverty among the 
population (Hernández 1983). 

In addition to these frequent natural setbacks (the people 
of El Hierro, the Herreños speak of “times of virados" to 
indicate such hardships. 

There was also a series of structural factors of a 
socio-economic nature. From 1640 onwards, a commercial 
and productive crisis began in the Canary Islands that would 
intensify when England began to impose protectionist 
restrictions on the marketing of Canary Island wine, trig- 
gering in the following century the ruin of this agro-export 
and with it the poverty of the Archipelago. In this context, 
the main islands stopped buying food products from the 
other islands due to payment difficulties and above all due to 
the increase in land devoted to subsistence agriculture in 
these islands. The fall in demand for food products in the 
inter-island market (cereals, wine and spirits, fruit, livestock 
and livestock products) was a blow for El Hierro's economy, 
which was so dependent on the inter-island market in 
commercial terms. 

The reaction of the large landowners to this critical sit- 
uation was to make use of their local power and expropriate 
communal areas (forests, pastures and wastelands) in order 
to increase their income. This added pressure on small 
peasants and landless tenants, both in working conditions 
and in the overpayment of rents, which was used to balance 
the income lost due to the contraction of the agro-export 
market. However, an intense social conflict broke out, 
involving the large landowners who benefited from the 
manorial distributions and the small landowners, in many 
cases subsistence smallholders, who even with land, pro- 
gressively became sharecroppers for the former due to the 
low profitability of their possessions, and of course the 
sharecroppers and day labourers without land found that 
their harsh working conditions worsened. There was also the 
confrontation of the large landowners with the Lord of the 
island to avoid the payment of taxes and for definitive 
control of the island. This loss of communal areas also meant 
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the total or, in some cases, partial incorporation of agricul- 
tural activity in pastoral areas. For example, in 1700 free 
grazing was prohibited in El Golfo, leaving this activity 
limited to marginal areas, such as Pie de Risco, Guinea and 
Los Llanillos (Díaz Padilla and Rodríguez Yanes 1990). 

These natural circumstances and, above all, the disap- 
pearance of traditional forms of production due to the pri- 
vatization of communal land, the harsh social and labour 
situation and the surplus of labour due to the non-existence 
of alternatives on the island, led small landowners and day 
labourers to emigrate to the main Islands or to Latin 
America. According to Urtusáustegui (1779): *in Tenerife 
and America, there are swarms of Herreños though they 
would not have left the island unless forced by their needs" 
(Lorenzo 1983). Viera, years earlier, spoke of “a large 
number of young men, and even young women, who 
annually expatriated, either to work on the other islands, 
especially Tenerife, or to emigrate to America" (de Viera 
Clavijo 1772-1783). 

This migratory process and subsistence crisis, despite 
high birth rates, led to stagnation or only slight population 
increases that continued until the beginning of the nineteenth 
century. In 1706 the Vicar and Commissary of the Holy 
Office, Juan García Melo (García de Melo 1706) pointed out 
that Valverde had 240 neighbours (1104 inhabitants), Bar- 
lovento 265 neighbours (1219 inhabitants), with a notable 
number in San Pedro del Mocanal, while Asofa-El Pinar, in 
which the pago de San Andrés stood out, had 259 neigh- 
bours (1000 inhabitants). 

El Golfo was the only area with a growing population (55 
inhabitants). The reason for this increase was, according to 
the source, “that there were vineyards". This activity became 
almost a monoculture in association with fruit trees after the 
disappearance of livestock in communal areas of the Valley. 
In an attempt to maintain Canary Island wine as a com- 
mercial product, from 1700 onwards, a regional commitment 
was made to produce wine at lower costs, opening up new 
wine-growing areas. El Golfo in El Hierro fulfilled perfectly 
this option, and from the eighteenth century onwards the 
wine-growing activity in the valley consolidated with a 
corresponding seasonal population, and the chapel of Our 
Lady of Candelaria was built as a parish church in 1776. 

The other alternative to the regional wine decline was to 
produce spirits, with a higher value than wine, in which El 
Golfo also participated. Hence, sources (1785) indicate: “the 
estate of El Golfo, where a lot of wine is produced “de 
viduefio" which they use to produce the best quality brandy 
[...], which is bought by the merchants of Tenerife and sold 
to America" (Darias 1943). 

In 1719, the island had, according to reports from the 
Islands’ bishops to Rome, 3,080 people (Escribano 1987). 
Between 1743 and 1744, Bishop Juan Francisco Guillén Isso 
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in his visit to El Hierro noted that the island had 3687 
inhabitants, noting that most of the houses were earthen and 
covered with straw (Guillén Isso 1743-1744). In 1768, the 
Census of Aranda indicated a population of 4022 (Jiménez 
de Gregorio 1968). The eighteenth century ended with the 
Floridablanca Census (1787) that counted 4040 people liv- 
ing on the island (Jiménez de Gregorio 1968). 

Since the seventeenth century, practically all the island's 
settlements had been established, as well as their traditional 
delimitations or districts: the Villa de Valverde; El Barrio 
(also called Barlovento or El Norte), Asofa, El Golfo and El 
Pinar. The statistics of the Marquis of Tabalosos in 1776 
(Rumeu de Armas 1943) and Viera y Clavijo in his News 
(1772-1783) gave quite a complete picture of the settle- 
ments. Valverde maintained its insular centrality as an 
agricultural and administrative centre. The extension of the 
cultivation and pasture areas to the north consolidated the 
settlements already existing in this area, expanding with 
secondary settlements. To the southwest, the intensification 
of agricultural and livestock farming led to the growth of 
Asofa. San Anton del Pinal (El Pinar) also increased its 
agricultural land with fig trees, which helped the main set- 
tlements grow. In addition, there was “the very fertile Gulf 
Valley” (de Viera Clavijo 1772-1783), which saw its set- 
tlements grow beyond the traditional ones in the eastern half 
of the island with others to the centre and west. 

During the nineteenth century, the population of El 
Hierro grew very little. In 1802, the island had 4006 
inhabitants (Arbelo 1990), and it did not exceed 5000 
inhabitants until the middle of that century (see Fig. 1). The 
definitive ruin of regional wine production, and the return to 
the original situation of cultivation to supply the domestic 
market was a serious setback due to competition among the 
wines and spirits of the island. This had a notable influence 
on the population development. 


Fig. 1 Demographic evolution of 
El Hierro in the pre-statistical 
stage. Source Itac, 
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From a social point of view, the tensions between El 
Hierro's oligarchy and the Lordship came to an end with the 
disappearance of the latter in 1812. Almost immediately, a 
hegemonic struggle began between factions of the ruling 
class, who alternatively exercised dominance over the rest of 
the population, thanks to the relationships of dependence 
that bound the peasants to them (administrative favours, 
etc.). This intensified the pressure on the peasant population 
and small landowners, with the expropriation and auctioning 
of more communal land. This created a situation of over- 
exploitation, which when it coincided with regional crises or 
periods of drought or plagues made existence extremely 
arduous, pushing people to emigrate. 

Expansions and contractions of El Hierro's economy and 
emigration explain the population figures in the twentieth 
century. The censuses of 1900 and 1910 indicate growth 
rates well below the regional average, synonymous with 
poverty and emigration. This also coincided with the 
establishment of a free port regime and the abolition of 
protective tariffs on local agricultural production, all very 
negative circumstances for commercial production on the 
island. 

This migratory trend came to a halt in 1910. In this 
decade, the number of emigrants from the Canary Islands to 
Cuba exceeded the employment forecasts, resulting in a 
shortage of workers and social conflict. The Cuban gov- 
ernment reacted and only took in seasonal workers. This 
meant the return of the local population with money to El 
Hierro, who then invested in land, contributing to a small 
economic improvement, which helped increase the popula- 
tion to 8,344 inhabitants according to the 1920 census 
(Fig. 2). 

From this decade onwards, sugar prices fell sharply, the 
Cuban banking collapse took place and in 1929 the 
well-known world depression occurred. This combination of 
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Fig. 2 Map of the evolution of 
settlement on El Hierro. 
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events put an end to Cuba as an ideal destination for any 
unfortunate Herrenos. In the Canary Islands, the economic 
reactivation, after the strong depression caused by the First 
World War, was halted by the effects of the Great Depres- 
sion. The result was the return of many of the local popu- 
lation to El Hierro with the money obtained during their 
work in South America only to find a complex situation 
there, as the archipelago was also affected by this global 
crisis. 
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In the 1930s, the protectionist measures adopted by the 
main consumer countries of what was then the main export 
product (bananas) and the decrease in port activity, once 
again generated a serious setback for the island’s economy, 
which had its sources of financing closely related to the 
markets of the urban, port and commercial centres of the 
main islands. This situation was conducive to mass emi- 
gration, but this time there was no exodus. The Cuban option 
was closed and Venezuela, the next preferred destination, 
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was still an incipient agricultural economy with laws against 
immigration. Without destinations and with substantial 
domestic agricultural production, the island of El Hierro 
increased its population extraordinarily, from 8344 inhabi- 
tants in 1920 to 9500 and 9810 in 1930 and 1940, respec- 
tively. These increases occurred without changes in its 
socio-productive structure and with only the use of public 
works as a mechanism to combat unemployment. 


6 The Diaspora 


El Hierro began the 1940s suffering from a series of setbacks 
for its development. On the one hand, population growth had 
generated a volume of workers that could not be absorbed by 
the island's economic system, even more so when public 
works in this decade were reduced to the point of their 
virtual disappearance. In addition, there was political 
repression, the absence of infrastructures and persistence of 
traditional forms of farming with low yields, which depen- 
ded on the overexploitation of labour as the main productive 
force. Moreover, from a regional point of view, the eco- 
nomic and commercial restructuring that occurred because 
of the weakening of the free port regime was a severe blow 
to the urban economies of the main islands: the main con- 
sumers of the El Hierro's agricultural products. Nor was the 
weather favourable during these years, and the island was 
subjected to one of the greatest droughts of the twentieth 
century, the so-called “Seca del 48". This whole panorama 
plunged El Hierro into a situation of mere subsistence and its 
only recourse was emigration. Due to the close historical 
links, together with the now attractive Venezuelan economic 
situation, once again many Herreños began to think of 
America as a saviour for their poor situation. 

However, emigration was not easy. The Venezuelan 
demand for labour and the economic needs of the Herreños 
clashed with the difficult circumstances of the post-civil war 
and the Second World War. The rupture of diplomatic 
relations between Spain and Venezuela, as well as the de 
facto ban on foreign emigration by the Franco regime left 


clandestine emigration as the only option. Fortunately, from 

Table 1 Distribution of the 1940 1950 

population by county (1940— 

1970) Valverde 1854 1687 
El Barrio 2041 1659 
Asofa 1625 1542 
The Gulf 1727 1673 
El Pinar 1602 1621 
Total 8849 8182 
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1948, with recognition of Franco's dictatorship by the 
Venezuelan dictatorship, emigration was legalized, but now 
there were other drawbacks: obtaining a passport, exit per- 
mit, bank deposit and especially the price of the ticket, a 
fortune for the peasants of El Hierro. Hence, the illegal 
option remained as the only possible one for many of the 
island’s population. 

When, in 1950, it was decreed that emigration was free of 
charge and the obligation to present economic certifications, 
letters of call and work contracts were waived, a situation of 
true diaspora was produced. In three decades (1940-1970), 
the island lost more than 3000 inhabitants and registered 
negative migratory balances higher than the provincial 
average (see Table 1). Young men at first, and from 1950 
onwards with the Regrouping Plan, entire families left for 
Venezuela. As a result, El Hierro became an ageing island 
with many empty houses. 


7 Changing Trends 


However, from the 1970s onwards, there was a new 
demographic trend because of three fundamental factors: the 
development and use of irrigated agriculture in the Valley of 
El Golfo, the flow of state capital into public works and the 
progressive tertiarization of the population. These changes 
produced a transformation in El Hierro’s labour structure, 
from the dominance of sharecropping relationships to mostly 
salaried forms of labour, either in irrigated agriculture or the 
service sector. In this way, as the economic situation chan- 
ges, the traditional layout of human settlements, reflecting a 
socio-economic organisation that was becoming obsolete, 
was broken down. 

The midland zones of the island, historically agricultural 
and livestock farming areas and the location of its main 
centres, underwent a profound change. The populations 
located there have declined and aged, while the Valley of El 
Golfo has gained demographic importance, as it increasingly 
becomes a centre of prosperous agricultural exploitations. 
This economically more active area may replace Valverde in 


importance, the latter retaining some relevance as an 
1960 1970 

— 167 1636 = 51 1443 — 193 
— 382 1591 — 68 1078 — 513 
— 83 1374 — 168 669 — 705 
— 54 1981 308 1363 — 618 
19 1375 — 246 950 — 425 
— 667 7957 = 229 5503 — 2454 


Source Nomenclator, INE. Self-elaboration 
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Table 2 Distribution of the 1981 1991 

population by districts (1981— 

2011) Valverde 1841 2007 
El Barrio 963 978 
Asofa 670 541 
The Gulf 1940 2408 
El Pinar 994 1061 
Total 6408 6995 
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2001 2011 
166 2447 440 2796 349 
15 1256 278 1493 237 
— 129 629 88 759 130 
468 3436 1028 4143 707 
67 1655 594 1804 149 
587 9423 2428 10,995 1572 


Source Nomenclator, INE. Self-elaboration 


Fig. 3 Panoramic view of El 
Golfo 


administrative centre. From the end of the 1980s, until the 
segregation of El Pinar as a municipality in 2007, Frontera 
became the most populated municipality on the island 
(Table 2). 

Another characteristic of the new population situation has 
been the extraordinary growth of historically unpopulated 
coastal areas, which since the mid-1970s have become vital 
points for the service economy (La Restinga) or for second 
homes (the coast between El Tamaduste and Timijiraque, in 
Valverde) (Fig. 3). 

Overall, the main contemporary demographic event on 
the island has been the intensification of the immigration 
process due to the difficult and convulsive economic and 
political situation in Venezuela. The return of people who 
once left the island, together with second or third generations 
of those who left, to which must be added a relative increase 
in resident Europeans (Germans and Italians) are responsible 
for the continuous population increase in the last third of the 


twentieth century and the first decades of the twenty-first 
century, which means El Hierro's population now stands at 
more than 11,000 inhabitants. 
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Abstract 


For a quarter of a century, the territorial dynamics of El 
Hierro have been influenced by the tertiarization of its 
economy, fundamentally focused on non-intensive tourist 
activity (green or nature tourism, hiking, rural tourism, 
sports in nature) causing a gradual abandonment of 
agricultural activities and, therefore, of their agricultural 
landscapes. However, it is still possible to recognize 
today the traces of traditional agricultural landscapes of 
great interest, both for heritage and for food production. It 
is then necessary to carry out a typology of these 
agro-cultural spaces with the aim of delimiting them, 
knowing their production systems, conserving and orga- 
nizing them and, what is more remarkable, proposing for 
the future those ways of managing them. That can 
contribute to the sustainable development of the island, 
further justifying the declaration of the Island as a 
Biosphere Reserve. 


Keywords 


Agro-pastoral-forest landscape * Agricultural 
abandonment * Tangible and intangible heritage * Oral 
history * El Hierro 


1 Introduction 


Initially, when the first humans arrived on the island of El 
Hierro, they found an environment that would condition the 
use of its natural resources. The pre-colonial occupation by 
the Bimbapes (indigenous people) and the subsequent 
colonial occupation with its two stages (modern or feudal 
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lordship and contemporary or bureaucratic capitalism) had to 
rely on these natural conditions to ensure survival as a 
society. The agro-pastoral-forestal use of El Hierro's terri- 
tory has given rise to unique agrarian landscapes, some born 
early on and others arising barely half a century ago. 

For the last quarter of a century, the territorial dynamics of 
the island has been influenced by the tertiarisation of its 
economy, fundamentally focused on non-intensive tourism 
(green or nature tourism, hiking, rural tourism, nature sports), 
causing a gradual abandonment of agricultural activities (see 
Table 1) and, therefore, of its agrarian landscapes. 

However, it is still possible to recognize today the traces 
of some traditional agricultural landscapes of great interest 
both in terms of heritage and food production for the 
achievement of the so-called food sovereignty of the island, 
in particular, and the Canary Islands in general. 

It is therefore necessary to carry out a typology of these 
agro-cultural spaces with the aim of delimiting them, 
understanding their production systems, conserving and 
ordering them and, more importantly, proposing ways of 
managing them in the future that can contribute to the sus- 
tainable development of the island, further justifying the 
declaration of the island as a Biosphere Reserve. This is all 
the more pressing in that the abandonment of the forests and 
the natural death of the people who manage them are causing 
the disappearance of a vernacular knowledge of unques- 
tionable intangible heritage value. 


2 The Role of Ecological Determinants 
in the Configuration of the Agrarian 
Landscapes of El Hierro 


The genesis and evolution of the traditional agricultural 
systems of El Hierro involved decisive human factors—its 
history—that had to overcome a series of ecological or 
environmental conditioning factors that, far from favouring 
agricultural activity, forced El Hierro and the Herreña 


75 


Geoheritage, Geoparks and Geotourism, https://doi.org/10.1007/978-3-031-07289-5 7 


76 


Table 1 Area of current crops, 
pastures and abandoned crops on 
the island of El Hierro by 
municipality (2015) 


Higuera 

Almond tres 

Other temperate fruit trees 
Vineyards 

Banana plantations 

Family garden 

Pope 

Clean orchards 

Tropical pineapple 
Avocado 

Mango 

Other subtropical fruit trees 
Cereals and corn 
Vegetables 

Citrus fruit 

Total cultivated agricultural area 
Pasture 

Tagasaste 


Total pastures 


Total abandoned agricultural area 
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El Pinar Frontera Valverde El Hierro 
182.3 0.65 7.93 190.88 
12.3 0.09 0.74 13.13 
23.61 12.48 37.81 73.9 
51.49 103.89 47.47 202.85 
12.17 49.03 0.06 61.26 
6.69 10.91 17.23 34.83 
5.15 5.14 22.04 32.33 
4.47 10.78 15.32 30.57 
0.07 116.63 0.05 116.75 
0.95 4.13 5.33 10.41 
0.19 24.44 2.75 27.38 
0.64 15.71 7.2 23.55 
1.03 0.92 62.73 64.68 
0.38 3.27 1.71 5.36 
0.13 4.48 0.76 5.37 
301.57 362.55 229.13 893.25 
18.8 470.4 1588.94 2078.14 
1.36 0 118.98 120.34 
20.16 470.4 1707.92 2198.48 
818.95 441.22 1688.3 2948.97 


Source El Hierro Crop map 2015 https://www.gobiernodecanarias.org/agriculture/themes/crop_map/el_ 
hierro/el_hierro_2015.html. Note how 71% of the agricultural area, excluding pastures, is abandoned 


society to develop complex agro-pastoral-forestry systems 
that have given rise to a great diversity of agricultural 
landscapes of undoubted heritage value. The following is a 
summary of these conditioning factors: (a) topographical, 
(b) geological, (c) geomorphological, (d) edaphological, 
(e) climatic and (f) hydrological. 


(a) Topography 


El Hierro's small surface area is compounded by its high 
average altitude, which results in significant slopes, as well 
as the small extension of its many coastal areas (between 0 
and 300 m above sea level). These are limited to the El 
Golfo and Las Playas landslide valleys and the small “low 
island” of Hoya de El Verodal, the generalised cliffs of its 
coasts and the scarce development of a network of ravines. 
El Hierro is shaped volumetrically as a truncated triangular 
pyramid with three concave lateral faces, Julan-El Golfo-Las 
Playas, which can reach altitudes of more than 1000 m, and 
a high upper base (above 600 m), formed by two plateau 
areas, La Dehesa and Nisdafe, sloping progressively towards 
the SW and NE, respectively. 

The unique topography of the island presents condition- 
ing elements for agricultural use: (1) difficulty for subtrop- 
ical crops due to the absence of coastal plains, (2) almost 
vertical cliff walls impossible to cultivate (hence, compared 


to the other islands that also have significant altitudes, El 
Hierro does not have large areas of dry stone terraces) and 
(3) the predominance of the so-called dry farming of “me- 
dianías" (midlands) and high altitude pastures (both 
plateaus). 


(b) Geology 


It should be taken into account that during the Quaternary 
and in relatively recent times a very intense volcanic activity 
of a mainly basaltic nature has affected the island, practically 
in its entirety. Three volcanic cycles have taken place with 
hardly any periods of eruptive calm, the last two being very 
recent (intermediate and recent series), so the volcanic 
shapes (cones with their craters and calderas) and eruptive 
materials (fields of basaltic lavas of malpaises and “lajiales” 
and of lapilli -called "jables' on El Hierro-) are preserved 
with few alterations. However, such young geological 
materials have represented serious limiting factors for agri- 
cultural and livestock uses, as they have been scarcely 
altered by vegetation and physical and chemical processes. 


(c) Geomorphology 


The predominance of recent morphostructures as opposed to 
volcanic morphosculptures explains the lesser importance of 
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erosive phenomena, exemplified by the low level of the 
ravine network on the island. The exceptions are the 
macroforms of the three gravitational landslide valleys 
(Julan, Las Playas and El Golfo). In them, the dynamics of 
the slopes have caused the deposition of sediments (sands, 
gravels and pebbles) in the foothills of their almost vertical 
escarpments. In the absence of soils on the island, these 
sediments have historically been used for agricultural 
activities (terracing) and livestock (pastures). 


(d) Soil science 


Following the work of Fernández in this section (Fernández 
et al. 1974), the recent nature of the volcanic materials that 
cover the island means that they are little altered and the 
soils, therefore, are little developed, as they correspond to 
the first phases of the alteration of the volcanic soils. The 
most important edaphic formations are represented almost 
exclusively by andosols (vitric), located above 500 m. 
Below this isohyet, there are poorer, carbonate soils of a 
pulvurulent nature. On the island as a whole, there are no 
soils with textural horizons. However, in some areas near 
Valverde, around 700 m above sea level where, exception- 
ally, accumulations of clays appear, due to endorheism 
phenomena caused by the interposition on the slope of lava 
flows or volcanic edifices. 

The lithosols are very abundant and extensive, formed by 
"malpaíses" (recent, slightly altered lava flows) and recent 
cones and fields of lapilli. The erosion lithosols appear on 
the slopes of very rugged topography. Thus, in the El Golfo 
valley, there are large colluvial surfaces, sandy-stony, poorly 
evolved, forming cones and dejection fans that can be 
described as entisuelos. 

In the cornice of El Golfo, with a steep slope, the laurel 
forest reaches up to 800 m, with thin and poorly evolved 
ranker-arid erosion soils. However, lack of soils has inspired 
the ingenuity of the Herrero farmers to try to overcome it, 
giving rise to original agro-ecosystems. 


(e) Climate 


Although El Hierro shares the same climatic characteristics 
as Canary islands of greater relief, its terrain leads to some 
differences that influence its agricultural use. Due to its 
shape of a truncated pyramid, whose upper base extends 
between 600 and just over 1000 m above sea level (almost 
two thirds of the island's surface), the “medianias” (mid- 
lands) are the greatest surface area among the three altitu- 
dinal bioclimatic floors (coasts, “medianías” and summits). 
This extensive area of “medianias” is in the condensation 
area of the trade winds, whose humidity also affects the 
midlands of the south of the island due to overflow because 
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of the reduced surface area above 1400 m. In addition, the 
high leeward plain of Taibique-Las Casas-Julan East is 
favoured by its opening towards the humid winds from both 
NE and NW. 

It is no coincidence that, given the stability of the pre- 
vailing socio-economic conditions for five hundred years, 
the traditional settlements of El Hierro are located in these 
mid-altitude and high-altitude lands where, given the 
absence of irrigation water, the constant humidity of the 
trade winds has allowed agriculture and pastures in an 
otherwise dry regime. 


(f) Hydrology 


The surface water resources of El Hierro are scarce due to 
the recent conformation of the island, with a predominance 
of porous surface substrates and the scarce presence of 
impermeable materials in the subsoil. For all these reasons, 
El Hierro has historically been the only island in the Canary 
Islands with a totally dry farming system. However, every 
year, the island’s aquifers incorporate on average about 11 
hm? of total rainfall, which shows that groundwater is 
important. Although only recently (since the late sixties of 
last century) has the population of El Hierro had access to 
them through the construction of wells and galleries. The 
consumption of groundwater is reduced to 1.9 hm? with the 
new irrigated agriculture: the main water consumer (1.49 
hm?) (Felipe and Herrera 2019). Technological advances, 
belatedly arrived on the island of El Hierro, allowed the 
creation of the last and most modern insular agricultural 
landscape. 


3 Five Insular Territorial Keys 
to Understanding the Uniqueness 
of the Agrarian Landscapes of El Hierro 


In the evolution of the construction of El Hierro's agricul- 
tural landscapes, there are a number of elements that make 
this island unique with respect to the rest of the Canary 
Islands. One of these elements, “la mudada' (the move), is 
an agricultural practice of transhumance that is no longer in 
use and is difficult to observe if you do not know the history 
of the island. Three other unique elements can be seen with 
the naked eye in all the ecological environments of the 
island: the stone walls, the fig trees and the total agricultural 
use of the territory. This last feature has to do with the 
scarcity of water: rainfall and humidity. 

The agricultural "mudada', together with the ploughing 
of Nisdafe, responds to the particular form of economic 
organisation established by the Herreña seigniorial class to 
take advantage of the natural resources and produce both 
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income and the food necessary for the inhabitants of El 
Hierro (Galvan 1997). During the feudal or seigniorial per- 
iod, the rents for the large landowners (known as rabos 
blancos or white tails) were obtained through the social 
relationship of the "medias perpetuas" (perpetual rights) and 
a large communal territory of free grazing (rabos negros or 
black tails). The transition from the manorial system to the 
contemporary system during the nineteenth century did not 
change the class character of Herrefia society, since the 
"mudada" continued to be the form of land use until its 
decline in the last quarter of the last century. Until the 
seventies of the twentieth century, important landowners 
continued to accumulate land through the usurpation and/or 
purchase of communal land and changed the system of 
"medias perpetuas" to the “medianeria” (midlands). The 
shepherd and the poor farmer of El Hierro thus saw the rent 
they had to pay to large landowners increase, while their free 
access to communal lands decreased (Franco's colonization 
policy in the Dehesa Comuna was the last expropriation of 
that period). In the absence of agrarian reform, emigration 
was the natural solution to the increasing overexploitation 
and oppression of the island's poor families. 

The “mudada” consisted of peasant families moving to 
the coastal areas at certain times of the year with their 
livestock, tools and household goods. The most important 
“mudadas” took place from the higher parts of the island to 
the north (El Golfo), the agricultural “mudada”, and to the 
south (Las Playas, Timijiraque and Cardones and the Dehesa 
Comunal) the pastoral “mudada”, which was probably the 


Fig. 1 The basalt stone walls of 
the enclosures and cattle road are 
a characteristic element 
throughout the island of El Hierro 
(Nisdafe) 
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oldest (Sánchez 2018). The move took place in the winter 
season, mainly in the month of January, when there was a 
significant amount of grass for the cattle (coastal pastures), 
and at the same time, to carry out the agricultural work of 
digging the vines and pruning in El Golfo. Farmer labourers 
remained there until the end of February, after which they 
returned to the highlands to continue the agricultural cam- 
paign and to take advantage of the pastures of the high 
midlands and summits. A second move to El Golfo was 
repeated during the summer, in August and September, also 
related to agricultural work and pastures for livestock 
(“rastrojeras” or stubble clearing) and fishing activities such 
as shellfishing and coastal fishing. The agricultural tasks 
were mainly the grape harvests (and cereal harvest), which 
were carried out from the second half of August until the end 
of September, after which farm labourers returned to the 
highlands. 

Basalt stone walls are distributed throughout the island. 
They represent the result of the struggle that livestock 
rearing of a communal nature (free grazing), initially pre- 
dominant, was losing against agrarian activities of a feudal 
and semi-feudal private nature (Lorenzo 2011). In reality, 
the creation of enclosures (plots of land surrounded by stone 
walls) and cattle tracks is the way in which Herreño social 
groups prevented the introduction of livestock into cultivated 
areas and stopped their cattle from leaving their properties 
(Fig. 1). 

If you had to highlight a fruit tree of El Hierro, this would 
undoubtedly be the fig tree. In fact, there are too many fig 
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trees for an island with so few inhabitants, so the fig, 
especially in the past, has always been one of its main export 
items. In addition, its leaf serves as green fodder for cattle in 
summer. The enormous ecological adaptability of this dry 
land tree, both from the climatic and edaphic point of view, 
means that we find it, isolated in a dispersed manner, in 
association with other crops, or in true monoculture planta- 
tions, throughout the length and breadth of the island. The 
fig tree appears from sea level to the summits, on the 
windward and leeward sides, on the east and west sides, on 
evolved soils and on recent badlands, in “polvillos” (mixture 
of soils and lapilli) and on slag and lapilli fields. A “gorona” 
is a circular wall built to protect fruit trees from livestock 
and almost always contains a fig tree (Fig. 2). 

The limited natural resources of El Hierro and the back- 
ward production techniques and societal relations meant that 
all areas of the island territory have been used by humans 
over the centuries. Even the island's forests were used by its 
inhabitants for forestry and livestock exploitation. Therefore, 
it can be said that there are no natural areas untouched by 
humans, because the inaccessible in El Hierro does not exist 
when it comes to subsisting in an inhospitable environment. 
Even today, the apparent abandonment of agropastoral sys- 
tems, is just that, appearance, because on an island with 
more livestock than agricultural must always have a source 
of food such as grass for livestock. 

This element of livestock preponderance since Bimbape 
times, origin of “la mudada” is the reason for our final 
description of the El Hierro’s singularity. It is the seasonal 


Fig. 2 Fig tree cultivation in the 
high midlands of El Pinar 
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provision of natural pastures for livestock according to 
altitude, and how the livestock moves throughout the terri- 
tory looking for fresh grass that the high altitudinal gradient 
(0—1500 m) provides. It is the altitude and the climate that 
are responsible for the availability of pastures throughout the 
year. From late autumn to early spring, it is the rain that 
guarantees the coastal pastures, but from spring to autumn it 
is the humidity of the trade wind mists (and the horizontal 
rain) that descends from high altitude that governs the 
movement of livestock from the forest peaks to the lower 
northeast-facing mid-altitude lands. Even today, despite the 
crisis of traditional agro-ecosystems, there are still livestock 
farmers who drive their herds down the slopes following the 
mist generated in the area of thermal inversion of the trade 
winds. In addition, there is the “juelgo” or “manchon” 
(mixed cultivation of cereals and leguminous plants—lupins, 
peas, broad beans—for green fodder), haymaking and ta- 
gasaste (Chamaecytisus proliferus), thus providing essential 
feed for the cattle in anticipation of bad weather years that 
can affect the natural reproduction of the pastures. 

More than five centuries of colonialism have not managed 
to convert the El Hierro's shepherds into sedentary farmers, 
nor come to that, into state or tourism employees. 

Although there are few shepherds left, if you dig a little 
into the mentality of the farmer, the civil servant or the 
service worker, we still find in these people the roots of the 
El Hierro's identity: the freedom that has since bimbape 
times meant the availability of free grazing of their livestock 
throughout the length and breadth of an island that will 
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always want to remain a large communal pasture demo- 
cratically managed by the locals, themselves. 


4 The Agro-Pastoral-Forest Landscapes of El 
Hierro 


The sources consulted and the fieldwork conducted provide 
an initial approach to the agricultural landscapes of the 
island, showing their diversity and richness. Many of these 
landscapes date back to the seventies of the last century. For 
this reason, we have called them traditional agricultural 
landscapes. However, it is necessary to start from the typi- 
fication and delimitation of these traditional agricultural 
systems because they represent part of the cultural heritage 
and identity of the island and an element of present and 
future applications for sustainable production in the primary 
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For this classification we have differentiated between 
agrarian landscapes (still recognizable today and of some 
extension), agrarian landscape enclaves (recognizable, but 
reduced dimensions) and agrarian paleo-landscapes (practi- 
cally or totally abandoned). We briefly review the list of the 
most significant present-day agricultural landscapes of El 
Hierro and refer the reader to the detailed descriptive table 
(see Table 2) (Fig. 3). 

Within the class of agricultural landscapes on evolved 
soils of the "medianías" (midlands), these three appear: 


1. Rainfed polyculture in the Northeast (Valverde). This is 
probably the first agricultural landscape after the con- 
quest, as this is where the best soils on the island and the 
best climatic conditions for dry farming are to be found. 
Today, this landscape is in clear regression. 

2. Scattered chestnut groves in the high midlands of the El 


sector. 


Golfo valley (Frontera). This unique landscape of the 


Table 2 Inventory of agricultural landscapes, agricultural paleo-landscapes and landscape enclaves of El Hierro 


Category 


1. Agricultural landscape on evolved soils of the midlands 
Humid windward *medianías" (midlands) (500-1000 m 
altitude) 

Semi-arid leeward midlands (600-1200 m altitude) 


2. Agricultural landscape in lithosols 

Crops in areas of recent volcanism and little altered 
materials 

Crops in areas of recent volcanic materials mixed with 
poorly evolved soils: “polvillos” 


3. Terraced agricultural landscape on sedimentary slope 
deposits in ravines of ancient volcanic massifs 


4. Agricultural landscape of subtropical fruit trees 


Class 


1. Rainfed polyculture in the “medianias” (midlands) of the northeast of El Hierro 
(Los Barrios, Valverde): cereals (mainly barley; wheat, rye), fruit trees, potatoes, 
sweet potatoes, millet/corn, legumes and fodder legumes (chickpeas, broad beans, 
beans, kidney beans,, lentils, peas, peas, lupins, lupins) and vines on evolved soils 
in the humid windward midlands 


2. Scattered chestnut groves on poorly developed soils in the high “medianias” 
(midlands) (800-1100 m altitude) of the valley of El Golfo (Frontera) 


3. Rainfed polyculture with tuneras of the Taibique-Las Casas plain (El Pinar)— 
occasional irrigated land—(cereals, fruit trees, potatoes, vines, forage crops) on 
poorly developed soils of the semi-arid leeward “medianías” (midlands) of El 
Hierro 


4. Rainfed vineyards in the valley of El Golfo (Frontera), in low “medianias” 
(midlands) on basaltic scoria (“breñas”) (need for “despedregamiento”) with 
scattered stone fruit trees (peaches, apricots, loquats, plums) 


5. Rainfed vineyards of Sabinosa and Frontera (Frontera) on basaltic volcanic 
cones of lapilli, inclined, without construction of terraces, in low “medianias” 
(midlands) 


6. Vineyards of Echedo (Valverde) (together with scattered fruit trees: mulberry, 
fig and pear trees), rainfed on recent lapilli fields with stone walls 


7. Dry-farmed fig tree crops in “polvillos” (on recent, scarcely edaphized basaltic 
lapilli) of the high midlands of Taibique-Las Casas/Julan Oriental (El Pinar), 
southwest of the leeward slope 


8. Rainfed vines in “polvillos” (on recent basaltic lapilli, scarcely edaphized) of 
the Taibique-Las Casas (El Pinar) “medianias” (midlands), southwest of the 
leeward slope 


9. Polyculture in rainfed terraces (potatoes, rye, beans, broad beans, chickpeas, 
millet/corn, pumpkins, juelgo/manchón) in the low “medianías” (midlands) of El 
Golfo in Frontera and Sabinosa (Frontera) on sedimentary deposits of slope 


10. Open-air tropical pineapple and banana crops in greenhouses (and other 
tropical fruit trees, to a lesser extent) under irrigation on recent former 
“malpaises” (aa lava flows) in the coastal platform of the El Golfo valley 
(Frontera) with “suelos de prestación", transported from the plateau of Nisdafe 


(continued) 
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Table 2 (continued) 
Category 


5. Livestock landscape 


Paleo-landscapes and agrarian landscape enclaves 
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Class 


11. Livestock landscape of the Dehesa Comunal (Frontera, El Pinar): sheep 
(predominant), goats and cattle (to a lesser extent) in flat arid pastures and high 
leeward areas (variant: distribution of El Cres in Frontera) 


12. Livestock farming landscape of the Nisdafe plateau (Valverde): sheep 
(predominantly), cattle and goats (to a lesser extent) in pastures in flat and high 
windward wetlands; intercropping (barley, leguminous plants, winter potatoes 
and “papas de hoyo' or veraneras; ~juelgos') 


13. Landscape of the tagasaste bush pasture plantations of the Isora “lomadas” 
(flat surfaces between ravines) (Valverde), in the high leeward “medianias” 
(midlands) 


14. Livestock-forest landscape of the Fayal-Brezal green woodland (Frontera, El 
Pinar) 


15. Livestock-forest landscape of the summit pine forests (El Pinar) 


Paleo-landscapes 

* Agro-pastoral paleopastoral landscape with “goronas” or *góranes" with fig 
trees on recent “malpaises” (volcanic flows) in the coastal of El Golfo 
(Frontera) 

* Paleo-landscape of “henequén” (sisal) cultivation on poor soils on the North 
Coast (Pozo de las Calcosas) 

* Paleo-landscape of cereal-grassland crops on lithosols and poor soils of the 
North and Northeast coast (Valverde) 

* Paleo-landscape of natural coastal grasslands on sedimentary slope deposits in 
the gravitational landslide valley of Las Playas (Valverde) 

* Paleo-landscape of the landscape enclave of intensive agriculture of irrigated 
banana trees on *malpaíses" with “suelos de prestación”, in the low island of 
Punta del Verodal (Frontera) 

Landscape enclaves 

* Landscape setting of rainfed almond tree crops in “polvillos” (on recent, 
scarcely edaphized basaltic lapillis) in the southwest of the high “medianías” 
(midlands) of the leeward slope of Taibique-Las Casas (El Pinar) 

* Landscape enclave of banana plantations in greenhouses on “malpaises” 
(volcanic flows) with "suelos de prestación" on the low island of Tacorón (El 
Pinar) 

* Landscape enclave of fig trees with prickly pear cactus on recent “malpaises” 
(volcanic flows) in Los Llanillos (Frontera) 

* Landscape enclave of tropical fruit trees (mango, papaya, avocado) on slope 
deposits, in Las Lapas in the valley of El Golfo (Frontera) 


Source Prepared by authors based on documentary, cartographic, statistics, oral information and field work 


high midlands of the most mountainous islands is rep- 4. Vineyards with stone fruit trees (peaches, apricots, 


resented in El Hierro in the valley of El Golfo, but much 
more restricted due to the absence of quality soils. 
Nowadays, it is difficult to observe, as it is in an 
advanced state of abandonment within the fayal-brezal. 

. Rainfed polyculture with prickly pear cactus in the 
Taibique-Las Casas plain (El Pinar). This is a typical 
landscape of the high leeward midlands. Here, it stands 
out for the large presence of prickly pear cactus (used as 
fodder for livestock and for its fruits both fresh and dried 
locally known as “porretas”), sown on the edge of plots, 
which gives them a certain uniqueness among the Canary 
Island agrarian landscapes. 


In the class of agricultural landscapes in lithosols, we 


highligh those with crops in areas of recent volcanism and 
little altered materials: 


loquats, plums) on dry land on terraced slag in the 
midlands of the El Golfo valley (Frontera). This agri- 
cultural landscape, which began to be built from the 
expansion of the vineyards in the sixteenth century, has 
always been linked to the worst soils (volcanic sub- 
strates), fruit trees often accompany the vines. It can be 
said that the cultivation of vines, although it has dimin- 
ished in this region, currently represents an active agri- 
cultural landscape (Fig. 4). 


. Monoculture of unirrigated vineyards of Sabinosa and 


Frontera on basaltic volcanic cones of lapilli little altered 
and not terraced (Frontera). On these cones of lapilli and 
slag, the vines appear as a monoculture without fruit trees 
to accompany them and without the construction of ter- 
races. There are some abandoned plots, but the landscape 
is still cultivated. 


82 


Fig. 3 Map of the agrarian 
landscapes of El Hierro. Source 
Prepared by authors based on the 
sources consulted: documentary, 
cartographic, statistics, oral 
information and field work 
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Paisajes agrarios sobre suelos evolucionados de las medianias 
|. 1.Policultivo de secano del Nordeste 


|) 2 Castañares dispersos de las medianías altas del valle de El Golfo 

E 3, Policultivo de secano con tuneras de la vega de Taibique-Las Casas 

Paisajes agrarios en litosuelos 
4. Viñas con frutales de secano sobre escorias abancaladas de las medianias del valle de El Golfo 


5. Monocultivo de viñas de secano de Sabinosa y Frontera sobre conos volcánicos basálticos 


[X 6. Viñas con frutales de secano de Echedo en medianias bajas en campos de lapillis recientes 


Paisajes de cultivos en “polvillos” 


. 7. Cultivos de higueras de secano de las medianias altas de Taibique-Las Casas/Julan 


11.1. Paisaje ganadero de la Dehesa Comunal 

11.2. Paisaje ganadero de la Dehesa Comunal: Reparto de El Cres 
12. Paisaje ganadero de la meseta de Nisdafe 

13, Paisaje de las plantaciones de tagasaste de las lomadas de Isora 
14. Paisaje ganadero-forestal del monte verde de Fayal-Brezal 

15. Paisaje ganadero-forestal de los pinares de cumbre 


Eriales en acantilados y conos y campos de lava recientes 


6. Vineyards with fruit trees (mulberry and fig trees) in the 
dry land of Echedo in the lower midlands on recent lapilli 
fields with stone walls (Valverde). These scattered 
vineyards cultivated in deep fields of lapilli and slag 
stand out for the black colour of their substratum (as 
opposed to the ochre ones, the result of oxidation and 
greater age of the previous landscape) due to the recent 
volcanic materials emitted (reminiscent to a certain extent 
of the landscapes of the vineyards of Lanzarote). After 
decades of abandonment, nowadays there are some farms 
that have been recovered for this crop. 


Secondly, cultivated landscapes in areas of recent vol- 


canic materials mixed with poorly evolved soils 
(“polvillos”): 


7. Cultivation of rainfed fig trees in “polvillos” in the high 


midlands of Taibique-Las Casas/Julan Oriental (El Pinar). 
This landscape is unique in the Canary Islands, as the fig 
trees occupy the whole plot as a monoculture in rows and 
with a plantation frame (possibly some cereal crops in the 
past). Their origin seems to be a distribution of wasteland 
following the disentailments of the nineteenth century in 
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Fig. 4 Agricultural landscape on 
recent basaltic slag in the 
“medianias” (midlands) of the El 
Golfo valley. Note the nearby 
Monteverde vegetation 
(fayal-brezal) on which the arable 
soil was built 


the context of the boom in exports of figs in the past 
(Hernandez and Niebla 1985). At present, this fruit 
landscape is abandonned; nevertheless, it is possible to 
recognize its former remarkable extension. 

8. Rainfed vineyards in “polvillos” on recent basaltic lapilli, 
scarcely edaphized, of the “medianias” to the West of 
Taibique-Las Casas (El Pinar). The vineyards are scat- 
tered among others formerly dedicated to polyculture, and 
although the latter are in a considerable state of aban- 
donment, the cultivation of vines has survived and has 
even been strengthened and modernized in recent years. 


There is also an example of a kind of agricultural land- 
scape on terraces on sedimentary deposits on slopes in 
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10. Open-air tropical pineapple and banana crops in irri- 


gated greenhouses on the coastal platform of the El 
Golfo valley (Frontera). This is the most recent agri- 
cultural landscape on El Hierro. Its creation has been 
possible thanks to the availability of water for irrigation 
from the seventies of the last century and the “suelos de 
prestación" (transported soil) from the plateau of Nis- 
dafe. Both elements have transformed these recent 
former “malpaíses” (aa lava flows) into a landscape of 
intensive agriculture whose production of bananas and 
tropical pineapples (and a few hectares of other tropical 
fruits) are mainly exported (Fig. 5). 


Finally, as it could not be otherwise on an island with a 


ravines of ancient volcanic massifs: 


9. Polyculture on dry terraces in the lower midlands of El 


Golfo in Frontera and Sabinosa on sedimentary slope 
deposits (Frontera). This is a landscape developed on 
sands, gravels and pebbles formed after the gravitational 
collapse that gave rise to the El Golfo valley. Given the 
origin of the sediments, it is necessary to clear and terrace 
the land to organize the crops (although we do not 
observe here the large, terraced slopes of other islands 
such as La Gomera). 


A final example of a landscape related to agricultural 


activity is that of the subtropical fruit trees agrarian land- 
scape class: 


long pastoral tradition (mainly sheep), we find up to five 
landscapes dominated by the livestock component 
(livestock-agricultural, or livestock-forest). These are the 
classes of livestock landscapes: 


11. Livestock landscape of the Dehesa Comunal (Frontera, 
El Pinar). Livestock landscape unique in the Canary 
Islands, the Dehesa Comunal is a surviving remanant of 
a common grazing area established during the period of 
the Lordship in the old landowning regime. The area of 
the Dehesa Comunal covers some 4500 ha in the 
western part of the island. It corresponds to the steep 
slope on the leeward side that descends from 770 m 
above sea level to the sea. 
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Fig. 5 Tropical pineapple 
cultivation was the last significant 
crop to be incorporated into the 
agricultural landscape of El 
Hierro barely half a century ago 


The distribution of El Cres and the Colonization Plan of 
the Dehesa Comunal that was approved in 1943 by the 
government of Franco’s dictatorship brought some changes 
in this unique livestock landscape. The new distribution 
affected 300 ha of the Dehesa Comunal. This area corre- 
sponds to the higher, wetter and deeper soils of the Dehesa 
Comunal. El Cres was also divided into plots and given to 
the farming families of the region. After a few years of 
cultivation, the agricultural activity disappeared, but today 
the walls separating the plots and some livestock activities 
are still preserved (Martin 2006). 

In the rest of the Dehesa Comunal, the Colonization Plan 
also ended up failing, as only a few infrastructures were 
carried out (small reservoirs, access tracks, parceling with 
stone walls, small reforestations). As in El Cres, the remains 
of the walls separating the plots built in the middle of 
Franco’s colonization policy can still be seen today in the 
landscape, which is abandoned or underused (Martin 2006). 


12. Livestock landscape of the Nisdafe plateau (Valverde). 
The deforestation of the green woodland (fayal-brezal 
and laurisilva) and its subsequent ploughing in the 
seventeenth century (Galvan 1997) gave rise to this 
unique landscape of livestock farming. The basalt walls 
of the enclosures and the cattle trails, built to control the 
livestock, still mark today the vision of this landscape 
whose pastures are in an advanced state of 
abandonment. 
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13. Landscape of the tagasaste shrub-grassland plantations 
of the Isora “lomadas” (flat surfaces between ravines) 
(Valverde). Although they are distributed all over the 
island, these plantations of tagasaste (and tedera - 
Bituminaria bituminosa-, to a lesser extent) preserve a 
dominant landscape unit in these “lomadas”. These 
plantations were probably started at the beginning of the 
twentieth century, but it was not until the middle of the 
twentieth century that they reached their maximum size 
in the middle of Franco's colonization policy. Today, 
they have been abandoned, although there are many 
livestock owners on the island who use this legume in 
times of scarcity of natural pastures or prolonged annual 
droughts. 

14. Livestock-forest landscape of the green woodland of 
Fayal-Brezal (“monte de dentro") (Frontera, El Pinar). 
There is recent oral evidence of the use of the Mon- 
teverde for livestock in the areas where it is still pre- 
served (Lorenzo 2011; Sánchez 2018). Sheep, but also 
goats and pigs took advantage of the grass growing 
under the forest canopy. Today, this practice has almost 
disappeared. 

15. Livestock-forest landscape of the pine forests at the sum- 
mit (“monte de fuera") (El Pinar). Similarly, the herba- 
ceous species that grow under the island's pine forests 
have been used for livestock since time immemorial. 
Today, it is in disuse, but it is not uncommon to see sheep 
and goats in the forest of the leeward peaks. 


Rural Landscapes in an Oceanic Volcanic Island 


Paleo-landscapes and agrarian landscape enclaves 


This categorization includes paleo-landscapes or extinct 
agrarian landscapes and agrarian landscape enclaves or those 
with minimal current extension, since elements already in 
ruins can be observed or some residual extensions of them 
are still preserved. They are interesting because they provide 
information on the richness of the island's agro-cultural 
heritage. Table 1 contains a description of these extinct 
and/or reduced enclaves. 


Local Informants: Acknowledgements Javier Morales (Agricultural 
Engineer-Head of Agriculture and Fisheries Service of the Cabildo 
Insular de El Hierro). Francisco Febles (organic livestock farmer of El 
Pinar). Alfredo Hernandez (Technician of the Protected Designation of 
Origin of Wines “El Hierro"). Jennifer Quintero Melián (Cooperative 
Manager El Hierro Frontera). 
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Abstract 


Geotourism is a relatively recent concept and a novel kind 
of tourism, which has acquired a significant boom in the 
last decades, associated with the creation and consolida- 
tion of the UNESCO global geoparks network. There are 
two approaches to geotourism, one geological and the 
other geographical, much more global and inclusive of 
the elements of the natural and cultural heritage. In this 
chapter, we have chosen to use the geographical approach 
of geotourism, to apply it to the El Hierro global geopark 
and diversify the island's tourism, traditionally focused on 
diving and hiking, through geoforms (volcanic and 
non-volcanic), and its link with cultural heritage. For 
this, the most representative, preserved and accessible 
geomorphosites in the geopark have been identified, 
inventoried and selected, which can be visited through 
volcano tourism georoutes. To do this, a route is proposed 
in the El Faro-Orchilla geozone (GZH-07) of the geopark, 
since it is one of the best examples of recent monogenetic 
basaltic volcanism in the Canary Islands. This geozone 
has a high geodiversity and richness in its natural and 
cultural heritage, it is easily accessible and different 
geoforms and views of the island landscape can be seen 
along a 9.5 km route and 8 stops. 
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1 Introduction 


Tourism, before the Covid-19 pandemic, has been one of the 
main global economic activities and its growth unstoppable 
(UNWTO 2019). Despite this, many mature sun and beach 
tourism destinations were already showing signs of decline 
before the current health crisis. This led to decreases in 
tourist arrivals and lack of renovation of tourist facilities and 
infrastructures (Hernández and Santana 2010), which, in 
turn, has caused stagnation and decline in these destinations 
(Simancas et al. 2020). Therefore, destinations require 
innovation and the creation of new tourism products and 
experiences. Consequently, in some destinations, new and 
sustainable tourism proposals are being developed such as 
geotourism or volcanic tourism (Dóniz-Páez et al. 2011, 
2020a). Moreover, the diversity of geoforms in volcanic 
areas are very attractive (Németh et al. 2017) for visitors and 
especially for those interested in geotourism (Erfurt-Cooper 
2018). 

Geotourism has gained some momentum in recent dec- 
ades (Dowling 2013; Dowling and Newsone 2018) as it has 
been associated with the creation and consolidation of a 
global network of geoparks. Geotourism is a relatively 
recent concept and a novel tourism modality (Pásková and 
Zelenka 2018) in which two types of approaches can be 
recognized: geological or geographical (Dowling and New- 
sone 2018), with the geographical approach being much 
more global and integrative (Tourtellot 2000; National 
Geographic 2010; Dóniz-Páez et al. 2020a, b). This has led 
to the development of geotourism initiatives, products and 
experiences, which though different from each other do not 
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have to be mutually exclusive (Dowling and Newsone 
2018). 

In the geopark of El Hierro, the geoforms directly con- 
dition the rest of the natural and cultural heritage. For this 
reason, in this study, we have opted for a geographical 
approach to geotourism, as it is much more in line with the 
reality of El Hierro. In this sense, the aim of this study is to 
identify, classify and select representative, preserved and 
accessible geomorphosites of El Hierro UNESCO Global 
Geopark. This will promote El Hierro’s natural and cultural 
heritage and contribute to diversifying tourism on the island, 
currently focused on diving and hiking (Dóniz-Páez et al. 
2011). It will also boost the economic development of El 
Hierro through the creation of volcanic tourism georoutes as 
seen in other volcanic areas aspiring to become geoparks 
(Becerra-Ramirez et al. 2020). 


2 Methodology 


Following Bouzekraoui et al. (2017), the methodology used 
in this work consists of three stages: identification, classify 
and selection of volcanic geomorphosites of El Hierro’s 
geopark for tourism georoutes. The identification of geo- 
morphosites was performed by topographic, geological and 
geomorphological mapping at different scales, Dems of El 
Hierro and field work by members of the research team over 
the last 20 years on the island (Dóniz-Páez et al. 2011). For 
the classification of the geomorphosites, we used the 
methodological proposal by Dóniz-Páez et al. (2020b) on the 
diversity of volcanic geoheritage in the Canary Islands. In 
the selection of the volcanic geomorphosites, it was con- 
sidered that they should be representative of the geomor- 
phological diversity of the geopark of El Hierro. Moreover, 
they should be well preserved and accessible via the current 
road network of the island or through the maritime routes 
that diving companies usually take. 


3 Results and Discussion 


The island of El Hierro is the smallest, geologically the 
youngest and geographically the westernmost of the Canary 
Islands. El Hierro is of volcanic genesis, and the oldest 
materials are from a million years ago. The island was 
formed from the polygenetic edifices of Tiñor (1.12- 
0.88 Ma), El Golfo-Las Playas (545-176 ka) and Rift vol- 
canism (158 ka-present) (Becerril et al. 2016; Aulinas et al. 
2019). The general morphology is in the shape of a 
three-pointed star resulting from the seafloor fractures on 
which it has been built following three rifts (Carracedo 
2008). In general, the volcanic materials of El Hierro are a 
succession of basaltic lavas, agglomerates of volcanic tuffs 
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and monogenetic volcanoes (Carracedo 2008). It is still a 
volcanically active island complex, whose last eruption was 
underwater and occurred between 2011 and 2012 in the Sea 
of Calms, in the south of El Hierro. The island has also been 
subjected to the processes of erosion and accumulation 
giving rise to outstanding geomorphological landscapes. 


3.1 Geomorphosites of El Hierro Island 

The classification of the geomorphosites of El Hierro cor- 
responds to the proposal of Dóniz-Páez et al. (2020b). This 
groups the geomorphosites into volcanic landforms and 
processes or non-volcanic landforms and processes. Within 
the first group, they are divided into magmatic and hydro- 
magmatic volcanic cones (monogenetic, polymagmatic and 
polygenetic), terrestrial and submarine lava flows (lava delta, 
pahoehoe, aa, blocks) and other volcano geoforms (dykes). 
Regarding  non-volcanic landforms, the classification 
includes recent landforms, giant landslides and relict or 
fossil landforms. 

The island has 230 volcanic cones amounting to 0.8 
cones/km* (Becerril et al. 2016). They are monogenetic 
basaltic volcanoes of magmatic (Hawaiian, Strombolian and 
violent Strombolian and Vulcanian dynamics) and hydro- 
magmatic dynamics, built by lapilli, scoria, spatter and lavas 
of diverse morphology with open, closed and multiple cra- 
ters. Although most of the volcanic cones are monogenic, 
some examples of polymagmatic volcanism, such as Tan- 
ganasoga can be recognized (Dóniz-Páez et al. 2020b). 
These volcanoes produced large terrestrial lava flows of 
varied morphology of pahoehoe, aa and blocks with the 
formation of lava deltas (Tamaduste, Tacorón...) and some 
of the most diverse lava fields of the Canary Islands (Los 
Lajiales) (Beltrán Yanes and Dóniz-Páez 2009). However, in 
some areas of the island, examples of submarine lavas can be 
observed, such as in La Caleta. Although the greatest 
diversity of volcanic geoheritage corresponds to volcanic 
cones and lava flows, in El Hierro Geopark, other volcanic 
(dikes) and non-volcanic (San Andres fault) geoforms can be 
found. 

El Hierro is a geologically young island in which the 
volcanic landforms are very important, but non-volcanic 
landforms and processes are also present. Among these 
recent landforms, we can mention the cliffs, the ravines, 
alluvial and colluvial deposits and several red (Hoya Vero- 
dal) and black sand beaches. In relation to relict or fossil 
non-volcanic landforms, they are not very common though 
some beaches and small dunes in Arenas Blancas stand out. 
However, the giant landslides such as those of Tiñor, El 
Golfo, Las Playas and El Julan (Carracedo 2008) are the 
geoforms that best define the current morphology of El 
Hierro. 
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3.2 Selection of Geomorphosites 


Taking into account the diversity of the geomorphological 
heritage identified in the previous section, the most repre- 
sentative, best preserved and most accessible geomor- 
phosites of El Hierro can be selected. This is important when 
designing itineraries and georoutes for volcanic tourism. In 
this sense, according to the classification of landforms and 
relief processes above. Table 1 shows the main geomor- 
phosites of each of the categories defined according to 
Dóniz-Páez et al. 2020b. 


3.3 Georoutes for Volcanic Tourism 


The diversity of direct volcanic and non-volcanic landforms 
and processes in El Hierro’s geopark means multiple geor- 
outes can be created for volcanic tourism. Depending on the 
criteria chosen, specific georoutes can be created according 
to certain features, such as basaltic cinder cones, hydro- 
magmatic volcanoes, recent lava fields, giant landslides, 
coastal landforms, etc. However, volcanic tourism georoutes 
can also be chosen according to a broader perspective that 
encompasses a wide variety of elements of the natural and 
cultural heritage of the geopark (Fig. 1). 

In this work, we have decided to develop a volcanic 
tourism georoute according to the geographical approach of 
geotourism. The place chosen for the itinerary is the El 
Faro-Orchilla-lava flow geozone (GZH-07) of the geopark. 
The selection of Orchilla lava delta is due to the richness of 
its natural and cultural heritage and its easy accessibility 


Table 1 Main geomorphosites 
selected of El Hierro geopark 


Volcanic 
landforms 


Volcanic cones 
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(Dóniz-Páez et al. 2019). The diversity of this geozone is 
associated with the presence of one of the best examples of 
recent monogenic, basaltic magmatic volcanism in the 
geopark, where different types of volcanic edifices can be 
identified (cinder cones, spatter cones, hornitos, etc.) built by 
lapilli, spatter, lavas, bombs, etc. and with varied shapes 
(Ring-shaped cones, horseshoe-shaped cones, multiple sco- 
ria cones, volcano without crater, etc.), spectacular lava 
fields with pahoehoe, aa and block morphologies with lava 
tubes and channels and accretion balls. In addition to the 
volcanic forms, other morphologies such as fossil and active 
cliffs, beaches, ravines and important alluvial fans can be 
observed. In this geozone, the cultural heritage is associated 
with the volcanic heritage through the use of the volcanic 
tubes and jameos (volcanic caves) by the population for 
residences or livestock huts, quarries for the extraction of 
lapilli, various infrastructures associated with the use of 
water and, above all, the presence of the Orchilla Lighthouse 
and the Monument to the Zero Meridian, which are two 
tourism icons of El Hierro. It is also worth mentioning the 
impressive panoramic views of the whole area of El Julan, 
one of the four giant landslides in El Hierro. Furthermore, 
this is the starting point of the GR-131 trail that runs through 
the whole of the Canary Islands. For all these reasons, the 
geopark stands out for its interesting local values and for its 
scientific, didactic and tourism interest (Table 2; Fig. 2). 
The volcanic georoute has eight stops and a total distance 
of 9.5 km divided into two parts (Fig. 3). The main itinerary 
runs along the HI-503 La Montaña road towards the Virgen 
de Los Reyes hermitage in La Dehesa and continues along a 
detour towards the Orchilla Lighthouse for 6.5 km. The 


Main geomorphosites selected 


Monogenetic: magmatic (Corona del Lajial, Lomo Negro, Orchilla Geozone, Escobar, 


Chamuscada, etc.), hydromagmatic (Hoya Fileba, Ventejis and Hoya Verodal) and 
submarine eruption of Tagoro volcano Polymagmatic: Tanganasoga 
Polygenetic: Tiñor and El Golfo ediffices and volcanic rifts 


Lava flows 


Terrestial: pahoehoe (Los Lajiales, Orchilla, Bahía de la Hoya, Tamasina, Calcosas), aa 


(Orchilla, Timijiraque, Tamasina and Tacorón), blocks (Tamaduste and Orchilla) 
Submarine: La Caleta pillow lavas 


Others Dykes 
Non-volcanic landforms 


Recent 


Ravines: Gorreta, Barranco de los Trabaditos, Barranco del Jable, Bascos Valley, 


Barranco de Tejeda, Barrancos de Las Playas giant landslides, Barranco de las 
Playecitas, Barranco del Balón, Barranco del Tiñor 

Beaches: black (Timijiraque and Las Playas) and red (Hoya Verodal and Playa de la 
Arena in Tacorón) volcanic sand 

Taluses: Gulf and Beach deposits 


Giant 
landslides 


Fossil 
Others 


Source Prepared by authors 


El Golfo, Las Playas and El Julan 


Arenas Blancas beach, La Caleta 


San Andrés fault 
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Fig. 1 Several geomorphosites selected in El Hierro UNESCO Global 
Geopark: Hornito in Lomo Negro cinder cone (a); Chamuscada 
monogenetic basaltic volcano (b); Hoya Verodal tuff ring (c); Hoya 
Fileba hydromagmatic volcano (d); Tanganasoga polymagmatic 


volcano (e); Tiñor ediffice (f); Pahoehoe lava flows in Bahía de La 
Hoya (g); Aa lava flow in Tacorón (h); La Arena volcanic red sand 
beach (i); Talusses in El Golfo (j); Las playas giant landslides (k); 
Fossil sand in La Caleta (1) 


Table 2 Natural and cultural volcanic heritage of Orchilla geozone georoute 


Stops 


1. Hoya Bajo — 
Caldereta del Tabaibal 
Manso 


2. Montaña Toscones 
volcano 


3. Hornito — Montaña 
Calcosas volcano 


4. Eruptive fissure 


5. Paleocliff — Orchilla 
volcano 


6. Monument to the 
Meridian 0 


7. Orchilla Lighthouse 


8. Montafia Negra 
volcano - La Laja de 
Orchilla 


Source Prepared by authors 


Natural heritage 


Landforms of the geozone, recent volcanism and coastal shrubs 


Volcanoes, craters, lava flows, ravines, taluses, Rumex lunaria and 
Euphorbia lamarckii shrubs 


Cinder-Scoria cones, nested cinder-scoria cones hornitos, spatter cones, 
craters, pahoehoe and aa lavas, lava lakes, lava tubes, tube subsidence 
(jameos), lava channels, gullies, Euphorbia sp. shrubs, birds 


Hornitos and pahoehoe lavas and tubes, jameos and channels, lapilli, 
gullies, coastal shrubs 


Slope break, cinder-scoria cone, spatter cones, hornitos, colluvions, 
alluvial fans, rupicolous vegetation on recent lavas 


Alluvial fans, cinder-scoria cones, aa lavas, cliffs, Euphorbia sp. and 
salty shrubs 


Pahoehoe lavas, lava tubes and channels, jameos, cinder-scoria cones, 
spatter cones, cliff, El Julan landscape view, Las Calmas sea, whales 
watching 


Cinder-scoria cones, aa lavas, lava tubes and channels, rocky shore, 
abrasion platform, El Julan and cliff views 


Cultural heritage 
Camino de la Virgen, Orchilla 
Lighthouse, quarries, trails 


Cistern 


Cabins in tube subsidence (jameos) 


Remains of a telephone installation in 
jameos 
Quarries, trails, wooden signs 


Zero Merididan Monument 


Orchilla lighthouse, cabins, dry-stone 
walls, cattle fold (gorona), trails, Cross 


Dock and leisure area 


Geomorphosites of El Hierro UNESCO Global Geopark ... 91 


Fig. 2 Key stops on the volcanic georoute in the Orchilla Geozone GZH07. The numbers refer to Table ' 
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Fig. 3 Volcanic georoute of Orchilla Geozone (GZH-07) of El Hierro Global Geopark. Source Modified from Dóniz-Páez et al. ( ) 
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secondary itinerary turns off at stop 5 at the Orchilla volcano 
along the HI-504 track and heads towards the Zero Meridian 
Monument. It is a round trip of about 3 km. The maximum 
elevation is 464 m at stop 1 and the minimum 0 m at stop 8, 
which is the pier of La Laja de Orchilla. Although the entire 
georoute can be done by car, it is recommended that stop 5— 
stop 6 of the Monument to the Zero Meridian and return is 
completed on foot or bicycle because of the difficulties there 
may be for road traffic, since it runs through the deposits of 
alluvial fans. 


4 Conclusions 


Although it is true that the current health crisis has con- 
tributed to diversifying the tourism offer in many regions, 
before this pandemic, many destinations had already created 
new tourism products and experiences based on the pro- 
motion of local heritage. In the case of geotourism, for some 
years now, initiatives have been developed around two 
approaches (geological and geographical) that are comple- 
mentary to each other. Indeed, volcanic tourism has been a 
reality in volcanic areas for some years now. Even so, it can 
be said that geotourism is still a relatively recent, innovative 
and sustainable form of tourism, closely linked to the man- 
agement of geoparks. In this sense, the island of El Hierro 
has opted for a tourism distinct from the Canary Islands as a 
whole, one based on sustainability and the promotion of 
local geographical heritage and mainly focused on hiking 
and diving. Therefore, this paper has evaluated the volcanic 
geoheritage on the island, which led to the creation of a 
geopark in 2014 following the underwater eruption of the 
Tagoro volcano in 2012. For this purpose, different volcanic 
and non-volcanic geomorphosites have been identified, 
classified and selected to be representative, preserved and 
accessible examples of the geodiversity of El Hierro and of 
its cultural heritage. These geomorphosites are incorporated 
in geotourism georoutes from a geographical approach in the 
geopark, increasing and diversifying the tourism offer on the 
island. The Orchilla geozone has been selected for the pro- 
posed volcanic tourism georoute based on the diversity of its 
volcanic forms (volcanic cones and lava flows), those from 
erosion and accumulation (landslides, ravines, cliffs, 
deposits, beaches, etc.) and the interesting cultural heritage 
linked to a historically inhospitable region with a semi-arid 
climate. We must also mention the good accessibility, the 
existence of several approved trails, the presence of a 
bathing and leisure area (Las Lajas) and two of the most 
significant tourist icons of El Hierro (the Orchilla Lighthouse 
and the Zero Meridian Monument). In this work, we have 
developed a model georoute for volcanic tourism in the 
geopark, however, depending on the geomorphosites iden- 
tified and selected, many other georoutes can be developed. 
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Abstract 


Bird watching is one of the most popular ways of getting 
close to nature, laying the foundations for what is now 
known as Birdwatching or Birding, nowadays a niche 
within ecotourism. The Canary Islands are an exceptional 
centre for ornithological tourism, standing out for the 
presence of six endemic species that are exclusive 
worldwide. In this context, the island of El Hierro is the 
least visited island for bird watching in the Canary Islands 
archipelago, even though it has been designated as a 
Biosphere Reserve and Geopark. This paper aims to lay 
the foundations for the development of ornithological 
tourism on the island of El Hierro, following the 
methodology proposed by Gosálvez Rey (El Valle de 
Alcudia y Sierra Madrona, 2009), Puhakka et al. (PLoS 
One 6, 2011) and the Ornithological Tourism Strategy for 
the Canary Islands (SEO/Birdlife in Estrategia de 
Turismo Ornitológico para la Macaronesia, 2016). A geo- 
graphical analysis of the diversity of species is addressed, 
the most suitable trails and points for birdwatching are 
indicated and the mechanisms for promoting this tourist 
activity are outlined. The island of El Hierro has 22 
species and subspecies of birds of interest for bird watch- 
ing, the best areas for bird watching being the Natura 2000 
sites (EU) and Birdlife International's IBAs. The island of 
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El Hierro is served by a network of paths provided by the 
Cabildo de El Hierro and the Spanish government's 
Caminos Naturales programme, complemented by a set of 
fourteen lookout that serve as strategic points for bird 
watching. The challenge for the island of El Hierro will 
be to develop birdwatching that respects and even 
enhances natural values, avoiding endangering the species 
observed and their habitats. 


Keywords 


Birdwatching * Conservation * El Hierro * Ecotourism * 
Birds 


1 Introduction 


Of the various options for humans to approach nature, 
birdwatching is one of the most popular. Birdwatching 
started in the late nineteenth century as an alternative to 
scientific hunting and developed thanks to public awareness 
campaigns and the emergence of ornithological organiza- 
tions (Szczepanska et al. 2014). United Kingdom and United 
States were pioneers in birdwatching and in the creation of 
societies, such as the Royal Society for the Protection Birds 
in 1889 and the National Audubon Society in 1905, to the 
point that birdwatching became a main leisure activity for 
large segments of their populations (Lopez Roig 2008). 
Private entrepreneurs saw an opportunity in its commer- 
cialization laying the foundations of what is now called 
“ornithological tourism", “avitourism”, birdwatching or 
birding (Jones and Buckley 2001), today considered as a 
niche within nature tourism (Sekercioglu 2002; Biggs et al. 
2011). Ornithological tourism has been defined by Rivera 
(2007) as an activity that involves travelling from a place of 
origin to a specific destination with the aim of observing the 
local avifauna in their natural environment, providing eco- 
nomic benefits for destinations. 
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In the last twenty years, ornithological tourism has 
experienced a boost in Spain from private and public ini- 
tiatives, especially projects linked to European funds for 
rural development (Gosálvez Rey 2009). These initiatives 
aim to generate a specialized economic sector that includes 
guide services, accommodation, restaurants, car rental or 
construction of infrastructures such as observatories and 
visitors’ centres. 

Currently, our country is one of the main birdwatching 
destinations for ornithological tourists, representing 10% of 
ornithological tourism packages that British operators have 
in their sales catalogues worldwide (SEO/Birdlife 2016), 
which demonstrates the potential that Spain has for 
ornithological tourism. The most consolidated destinations 
for this activity in Spain are Andalusia, especially Doñana, 
Campo de Gibraltar, Extremadura and the Pyrenees. 

In this context, the Canary Islands could become an 
exceptional centre for ornithological tourism given their mild 
climate, splendid landscapes and good transport links. The 
ornithological interest exists as they are home to some 90 
breeding species and more than 380 that visit the islands 
throughout the year (AVIBASE), with six exclusive endemic 
species worldwide:  Bolle's Pigeon, Laurel Pigeon, 
Fuerteventura Stonechat, Tenerife Blue Chaffinch, Canary 
Islands Chiffchaff and African Blue Tit. These give the 
Canary Islands the richest avifauna of all the Macaronesian 
archipelagos (SEO/Birdlife 2016). This has led BirdLife 
International to consider the Canary Islands as an EBA 
(Endemic Bird Area), thus making it the only EBA in Wes- 
tern Europe. Despite this ornithological strength, this tourism 
product has very little weight in the tourism market of the 
archipelago, where sun and beach tourism are still the leaders 
(SEO/Birdlife 2016). In fact, there are only two privates 
companies dedicated to birdwatching, Birding Canarias and 
Aves Ecotours, which are struggling to make progress. 

The island of El Hierro is the furthest away from the 
African continent and the smallest of the Canary archipe- 
lago, despite its small size, it contains the whole range of 
habitats present in the Canary Islands, except for the 
scrubland of summits. There are areas of ‘Monteverde’ 
(forested hills), Canary Island pine and juniper woodlands 
where it is relatively easy to observe endemic bird species 
and subspecies of the archipelago. Birds of open farmland, 
birds of prey, corvids and important numbers of gulls and 
migrant birds can be observed in La Dehesa and on the 
Llanos de Nisdafe. Finally, seabirds can be observed from 
the Orchilla lighthouse, La Restinga, the Roques de Salmor 
or in the Bahía de Naos-Hoya de Tacorón. Despite this, it is 
the least visited island for birdwatching in the Canary 
archipelago, even though the whole island has been desig- 
nated by UNESCO as a Biosphere Reserve and Geopark. 

This work aims to lay the foundations for the develop- 
ment of ornithological tourism on the island of El Hierro: an 
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area of great interest for birdwatching where, to date, 178 
species of birds have been indexed (AVIBASE), of which 
almost fifty breed regularly on the island. To do this, a 
geographical analysis of the diversity of species is conducted 
indicating the main taxa of tourist interest; the places and 
routes that provide the best spots for bird watching and the 
mechanisms available to promote this tourist activity without 
affecting the conservation of the birds and their habitats. 


2 Methods 


We followed the methodology proposed by Gosálvez Rey 
(2009), Puhakka et al. (2011) and the action programme 
contained in the Ornithological Tourism Strategy for Mac- 
aronesia in the Canary Islands promoted by SEO/Birdlife 
(2016). 

The geographical analysis of the distribution of bird 
species on El Hierro has considered three aspects: total 
species richness, number of endemic taxa and number of 
endangered species. This makes it possible to determine the 
"target" species that would attract an ornithological tourist 
to visit El Hierro. For this purpose, the information con- 
tained in the atlases of breeding and wintering birds of 
Spain (Martí and Del Moral 2003; SEO/Birdlife 2012) and 
in the Canary Islands Natural Inventory Bank (BIOCAN) 
has been considered. For the location of places of interest 
for birdwatching on El Hierro, the SPAs-Natura 2000 
network and the Important Birds Area (IBA) network 
(Viada 1998) were used as starting points. Information 
contained in the websites of birdwatching companies and 
blogs (Reservoir Birds, BirdForum, juanjoramoseco.com) 
was also consulted. The network of trails and paths of El 
Hierro (Hikes of El Hierro and Traditional Paths of El 
Hierro Nature Trail) serves as a basis for designing 
ornithological tourist packages based on the distribution of 
birds and those areas where it is more likely to observe 
them, thus identifying the areas with the greatest potential 
for bird watching. The free software QGIS (version 3.16.1) 
has been used to consult all the spatial data and generate 
maps, data related to the objectives of this study are shown 
in Fig. 1. 


3 Is It Worth Travelling to El Hierro 
for Birdwatching? Geographical Analysis 
of Bird Diversity 


Birds, like other fauna, are intimately conditioned by the 
factors of the ecological environment in which they live. 
Relief, climate and water, vegetation and human activity are 
the main factors that explain the distribution of the different 
species of birds on the island of El Hierro. 
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Fig. 1 Data used in the study and 
their relationship to the research 

objectives. Source Gosálvez Rey 
(2009), Puhakka et al. (2011) 
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Carrascal and Palomino (2002) analysed inter-island 
variations in the number of nesting land bird species in the 
Canary and Savage archipelagos, concluding that variations 
in species richness increased with increasing island size and 
greater habitat diversity and decreased with increasing dis- 
tance from the mainland. The island of El Hierro is therefore 
the island with the lowest value of nesting bird richness in 
the Canary archipelago. 

However, one of the simplest measures used to estimate 
the biological diversity of a territory is the richness or 
number of species which, although it is not a good indicator 
of the complexity of diversity, is easy to obtain and is often 
used as a first approximation (Margalef 2005; Lomolino 
et al. 2016). The species richness of birds presents on the 
island of El Hierro as of 2021 is 178 taxa according to 
AVIBASE. Of these, 31 species belong to the phenological 
category of rare or accidental, 42 are breeding species and 
the rest are migrants or habitual winterers (Martí and Del 
Moral 2003; SEO/Birdlife 2012). Of these 178 species, 21 
are included in the Canary Islands catalogue of protected 
species, with the Canary Island Raven as the only species in 
danger of extinction and the Osprey, Manx Shearwater, 
Bolle's Pigeon and Laurel Pigeon as vulnerable. The rest are 
included in the category of species of interest for the Canary 
Island ecosystems or in the category of special protection. 

The spatial distribution of birds on El Hierro responds to 
the variety of habitats present on the island, a variety that is 
dependent on two main factors: the altitudinal gradient, with 
geomorphological, climatic and biogeographical implica- 
tions, and the action of human activity that has developed on 
this island. There are currently six main types of habitats for 
birds (Fig. 2): forest areas (Canary Island pine forests, 


Monteverde and juniper woodlands); open spaces and 
extensive agrosystems (coastal scrubland, grasslands and 
Crops); cliffs, islets, rocks and volcanic Badlands; the coastal 
strip and its beaches; artificial wetlands (reservoirs and 
artificial ponds); and urban areas. A detailed description of 
them is beyond the scope of this paper, so we recommend 
consulting their characterization in Martín and Lorenzo 
(2001), in Fernández-Palacios et al. (2001) and in del Arco 
Aguilar and Rodríguez Delgado (2018). 

In this analysis, what we are interested in highlighting is 
whether there are birds of interest on this island to justify the 
arrival of ornithological tourists. Considering the area of 
distribution at European level, the category of threat and the 
phenological status of the birds present on El Hierro, a total 
of 21 species and subspecies of birds have been selected 
(Table 1; Fig. 2) for which an ornithological visit to this 
island is essential. 


4 Areas and Trails for Bird Watching in El 
Hierro 


For a territory to become a tourist destination for bird- 
watchers, not only must there be species of interest, there 
must also be places where it is relatively easy to observe 
birds, and there must be a level of infrastructure to cater for 
this tourist activity. At present, the island of El Hierro has 
these three elements: birds of interest, the possibility of 
visiting places where it is easy to watch birds (Fig. 3) and an 
infrastructure of roads, trails and lookouts. 

The best areas for bird watching are those where there is a 
good chance of seeing the most emblematic species, while at 
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Fig. 2 Some species of interest for ornithological tourism on the island of El Hierro: a African Blue Tit, b Berthelot's Pipit, c Yellow-legged Gull, 
d Atlantic Canary, e Common Kestrel, f Canary Islands Raven. Author photographs Rafael Ubaldo Gosálvez Rey 


Table 1 Bird species of interest for ornithological tourism on the island of El Hierro distributed by habitat 


Widely distributed habitats 


Bolle's Pigeon Columba bollii 

Laurel Pigeon Columba junoniae 

Eurasian Sparrowhawk Accipiter nisus granti 
Common Buzzard Buteo buteo insularum 


African Blue Tit Cyanis. teneriffae ombriosus*. 
Canary Is. Chiffchaff Phylloscopus canariensis 
Eurasian Blackcap S. atricapilla heineken 
Goldcrest Regulus regulus ellenthalerae 


Eurasian Stone-curlew B. oedicnemus distinctus 
Common Kestrel Falco tinnunculus tinnunculus 
canariensis 

Berthelot's Pipit Anthus berthelotii 

Atlantic Canary Serinus canaria 


Species of interest 


Common Chaffinch Fringillia coelebs ombriosa*. 


Plain Swift Apus unicolor 
Canary Islands Chiffchaff Phylloscopus canariensis 
African Blue Tit Cyanistes teneriffae ombriosus*. 
Common Kestrel Falco tinnunculus tinnunculus canariensis 


Habitats of restricted distribution 


Red-billed Tropicbird Phaethon aethereus 
White-faced Storm Petrel Pelagodroma marina 
Cory's Shearwater Calonectris borealis 
Bulwer's Petrel Bulweria bulweria bulwerii 
Osprey Pandion haliaetus 

Barbary Falcon Falco pelegrinoides 

Canary Islands Raven Corvus corax canariensis 
Plain Swift Apus unicolor 


No species of interest 


Source: Prepared by authors 


*Subpecies exclusive to the island of El Hierro 


the same time not disturbing them excessively and, if pos- 
sible, in a safe and orderly way. In the case of the island of 
El Hierro, there are two networks of areas of interest for 
birdwatching: the Special Protection Areas for Birds 
(SPAs-Natura 2000) of the European Union and the 
Important Bird Areas (IBAs) developed by Birdlife Inter- 
national. In addition to these areas, there are other European 
(SAC-Natura 2000) and regional protection organisations as 
well as ones of international recognition by UNESCO 


(Biosphere Reserve and Geopark). Overall, 100% of the 
surface area of the island of El Hierro is covered by them 
(Table 2). 

If we focus on SPAs, we should point out that they were 
created in 1979 following the approval of the Birds Direc- 
tive, the first regulation issued by the European Union for 
nature conservation. The Birds Directive identifies 200 
endangered taxa for which it is necessary to designate spe- 
cial protection areas. Since 1992, SPAs have been integrated 
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Fig. 3 Main habitats for fauna on the island of El Hierro: a Canary 
Island pine forest in El Julan, b Monteverde on the escarpment of El 
Golfo, c Juniper woodlands in La Dehesa, d Agrosystems in the Llanos 


into Natura 2000, together with the Special Areas of Con- 
servation (SACs), following the approval of the Habitats 
Directive. Natura 2000 constitutes of a network of protected 
areas to guarantee the conservation of biodiversity within the 
framework of the European Union. Three areas on El Hierro 
have been declared SPAs: Garoé, El Hierro and Gorreta and 
Salmor. 


Garoé (ES10000102) 


This area is in the north-eastern sector of El Hierro. It con- 
sists of the Macizo de Ventejís on whose windward slopes 
are the remains of the laurel forest that populated the whole 
area in the past. There is a peculiar agricultural landscape in 
the Llanos de San Andrés or Nisdafe, in which pastures and 
crops predominate. This area has great cultural value due to 
the magical character that the mountains had for the bim- 
baches (indigenous inhabitants), highlighting the famous 
Garoé, sacred tree for the bimbaches and symbol in the coat 
of arms of the island of El Hierro. The birds that justify the 
declaration of this area as a SPA are the Eurasian Spar- 
rowhawk, Common Buzzard, Canary Common Chaffinch, 
Common Kestrel and Long-eared Owl. 


El Hierro (ES0000103) 
This SPA has an altitudinal range that goes from the 


coastline to 1501 m above sea level, which favours the 
appearance of different microclimates responsible, in turn, 


de San Andrés, e Cliffs and Roques de Salmor, f Urban habitat, 
Valverde. Author photographs Rafael Ubaldo Gosálvez Rey 


for the main habitats that appear on the island. This wide 
range of habitats facilitates a great diversity of birds, iden- 
tifying some 35 species, including seabirds, raptors and 
endemic passerines. Among the seabirds, Bulwer's Petrel, 
Cory's Shearwater, Barolo Shearwater, European Storm 
Petrel, Band-rumped Storm Petrel and Common Tern stand 
out. Raptors are represented by Osprey, Eurasian Spar- 
rowhawk, Common  Kestrel, Common  Buzzard and 
Long-eared Owl. The passerines include the Canary Com- 
mon Chaffinch (subsp. ombriosa), African Blue Tit 
(subsp. ombriosus), Atlantic Canary, Berthelot's Pipit, 
Canary Island Raven, Bolle's Pigeon and Laurel Pigeon. 


Gorreta and Salmor (ES10000104) 


Located in the north-north eastern part of the island of El 
Hierro, it is a large cliff with drops of up to 1000 m, in the 
easternmost part are the Roques de Salmor. The main 
importance of this area are the colonies of seabirds, where 
several species nest and reproduce such as Bulwer's Petrel, 
Cory's Shearwater, Barolo Shearwater, European Storm 
Petrel (with one of the largest national populations), 
Band-rumped Storm Petrel and Osprey. Other bird species of 
interest include Common Kestrel, Common Buzzard, Canary 
Island Raven, Western Barn Owl and Canary Island 
Chiffchaff. 

The Important Bird Areas programme is an initiative of 
the European Commission, which arose to help compare 
national contributions to the lists of SPAs in the Birds 
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Code and name Area Habitats 
(ha) 
ES0000102 Garoé 1124 Monteverde and 
agrosystems 
ES0000103 El Hierro 12,406 Cliffs, islets and rocks 
ES0000104 Gorreta and Salmor 595 
14,125 
385 Macizo de Ventejís 1289 Monteverde and 
agrosystems 
386 Llanos de Nisdafe 1854 Agrosystems 
387 Roques de Salmor 661 Cliffs, islets and rocks 
388 Monteverde de Frontera 2447 Monteverde 
389 Western coast of El Hierro 22,996 Tabaibales and cliffs 
390 La Dehesa 2056 Juniper wood and 
Tabaibales 
391 Bahía de Naos-Hoya de 206 Cliffs and islets 
Tacorón 
31,509 
ES0000102 Garoé 1124 Monteverde and 
agrosystems 
ES7020001 Mencáfete 454 Monteverde 
ES7020003 Tibataje 593 Cliffs 
ES7020006 Timijiraque 375 Cliffs 
ES7020026 La Caldereta 18 Monteverde 
ES7020057 Mar de las Calmas 9898 Marina 
ES7020094 Risco de las Playas 966 Cliffs 
ES7020092 Roques de Salmor 4.5 Rocks and islets 
ES7020099 Frontera 8809 Monteverde 
22,241.5 
Frontier Natural Park 12,488 All 
Mencafete Integral Nature Reserve 469.3 
Roques de Salmor Integral Nature R 3.5 
Tibataje Special Nature Reserve 601.6 
Las Playas Natural Monument 984.8 
Ventejís Protected Landscape 1143.2 
Timijiraque Protected Landscape 383 
16,073.4 
Biosphere Reserve 29,600 
Geopark 27,800 


Source Biodiversity Data Bank of the Canary Islands 


Directive. Its design and methodology were entrusted to 
Birdlife International, and it was applied in Spain by SEO 


(Viada 1998). On the island of El Hierro, seven IBAs have 


IBAs to Conserve Forest Birds and Birds of Prey: 
Macizo de Ventejís and Monteverde de Frontera 


been identified based on these criteria (Fig. 3): Macizo de 
Ventejís, Llanos de Nisdafe, Roques de Salmor, Monteverde 
de Frontera, western coast of El Hierro, La Dehesa and 
Bahía de Naos-Hoya de Tacorón. 


The cataloguing of the Macizo de Ventejís as an IBA is 
due to the presence of an important population of Canary 
Island Common Chaffinch (subsp. ombriosa) and the 
presence of raptors and various subspecies of endemic 
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passerines, including one of the main populations of Can- 
ary Island ravens (90-100 pairs), a species in danger of 
extinction. 

Monteverde de Frontera occupies a wide strip of El Golfo 
escarpment, hosting the best representation of the Canary 
Island laurel forest and its stages of degradation on the island 
of El Hierro. The presence of Bolle's Pigeon (the only 
population on the island), Canary Island Common Chaffinch 
(subsp. ombriosa) and the Atlantic Canary earned this area 
its designation as an IBA, in addition to the presence of 
forest raptors, various subspecies of endemic passerines and 
a pair of Osprey. 


IBAs for Open Space Bird Conservation: Llanos de 
Nisdafe and La Dehesa 


Llanos de Nisdafe is an area characterised by an 
agro-livestock matrix, in which there are some patches of 
scrub and heathland. It is a very important area on the island 
for steppe birds, mainly the Eurasian Stone-curlew and 
Berthelot's Pipit, and it is a feeding area for various birds of 
prey and a prime enclave for migrating birds and wintering 
birds. Its declaration as an IBA is based on all this and, 
above all, on the presence of Atlantic Canary populations. 

La Dehesa is an IBA located to the west of the island of 
El Hierro dedicated to pastures and agricultural crops, with a 
Juniper Juniperus turbinata woodland and some plantations 
of foreign pines. This area is of great interest for steppe birds 
(Eurasian Stone-curlew and Berthelot's Pipit), for migrant 
birds and for the presence of substantial populations of 
Common Kestrel. 


IBAs to Conserve Seabirds: Roques de Salmor, Bahía de 
Naos-Hoya de Tacorón and Western Coast of El Hierro 


These three IBAs share the same type of ecosystems: coastal 
cliffs and rocky islets to the north (Roques de Salmor), the 
south (Bahía de Naos-Hoya de Tacorón) and, above all, on 
the western coast of the island, extending along the coastal 
strip and into the sea. These are areas of great interest for the 
reproduction of Ospreys and seabirds, especially the Euro- 
pean Storm Petrel and Band-rumped Storm Petrel, Bulwer's 
Petrel, Cory's Shearwater, Roseate Tern, Common Tern and 
Yellow-legged Gull. 


The Network of Trails, Paths and Lookouts of El Hierro 
Constitute the Basic Infrastructure for Ornithological 
Tourism 


The island of El Hierro has two networks of 
well-consolidated and signposted paths and trails, one 
was promoted by the Cabildo (Island Government) of El 
Hierro in accordance with the international standards of the 
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ERA (European Ramblers Associations) and approved by 
the FEDME (Spanish Federation of Mountain Sports and 
Climbing), Hiking of El Hierro, and another dependent on 
the government of Spain attached to the Natural Trails 
programme (Traditional paths of El Hierro Natural Trail). 
Both networks use as their main axis the so-called Camino 
de la Virgen, 37.3 km long, which links Tamaduste with the 
Orchilla jetty and has the category of Great Route 
(GR) (Fig. 4). The Cabildo's network of trails is comple- 
mented by eleven Short Route (PR) trails and three local 
trails (SL), all of which are signposted and have panels with 
information of interest about the environment and the route 
itself. This network totals 256 km and covers all the areas of 
interest for birdwatching on El Hierro. The Nature Trail 
along the traditional trails of El Hierro is made up of two 
long-distance trails (Fig. 4): the GR-131 or Camino de la 
Virgen, which crosses the island through its centre, and a 
112 km circular trail that runs around the perimeter of the 
island, making it possible to visit the different areas and 
places identified as being of interest for birdwatching. 

This network of paths and trails is complemented by a set 
of nine lookouts (Fig. 4) which, although they were created 
for scenic and geological purposes, serve as genuine bird- 
watching points, especially seabirds and birds of prey, as 
they are located from the coastal cliffs to the peaks of the 
island. Our proposal is to use these networks of paths and 
lookouts as a support for birdwatching and the development 
of ornithological tourism. 


5 Birdwatching as a Basis for Bird 
Conservation: The MacaroAves Project 
and the Strategy for the Canary Islands 


Birdwatching as a tourist activity must contribute to the 
development of rural areas and the conservation of birds and 
their habitats, otherwise it is not worth implementing. To 
achieve this, planning must guide and develop this new 
economic activity, otherwise it could become a new source 
of problems in the form of disturbance to endangered species 
and their habitats. In this sense, since 2016, the Canary 
Islands have had an Ornithological Tourism Strategy 
developed within the framework of the MacaroAves project, 
financed with European Regional Development Fund 
(ERDF) through the Macaronesia Transnational Cooperation 
Programme for the period 2007-2013. With a budget of 
141,204€, this project was carried out by four partners: 
SEO/Birdlife in the Canary Islands, SPEA in Madeira, ART 
in the Azores and Biosfera in Cape Verde. The MacaroAves 
project aims to make tourism compatible with bird conser- 
vation through the implementation of a series of actions: the 
development of a strategy for ornithological tourism 
throughout Macaronesia; the identification of the places of 


102 


200000 


R. U. Gosálvez Rey et al. 


220000 
na 


3060000 


CK 


E. E. 
es Valverde 


rontera 


3070000 


NJ 


Forest birds 


Open spaces and 
agrosystem birds 


x El Pinar Sea birds X 


T T 
180000 190000 
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greatest interest for ornithological tourism; measures to 
support the creation of infrastructures; the promotion of this 
tourism sector as a complementary resource for tourists 
visiting these archipelagos; the training of local guides and 
the development of environmental awareness activities. 

In the case of the Canary Islands, the main materials 
produced during the project were the drafting of the 
Ornithological Tourism Strategy in the Canary Islands, the 
installation of information panels in demonstration areas in 
Tenerife and Fuerteventura, the preparation of a guide map 
of places for birdwatching in the Canary Islands and the 
organization of a training course in ornithological tourism. 

The Ornithological Tourism Strategy of the Canary 
Islands has identified the potential impacts that poorly 
planned ornithological tourism could have on birds 
(SEO/Birdlife 2016). These impacts have been highlighted 
in multiple works (McFarlane and Boxall 1996; Şekercioğlu 
2002; Steven et al. 2011, 2015) and are a concern when 
implementing birdwatching as a tourism activity. 

The challenge for SEO/Birdlife (2016) is to develop 
ornithological tourism that respects and even enhances nat- 
ural values based on four fundamental pillars: ensuring the 
compatibility of activities for the local population and visi- 
tors; promoting the conservation of nature (birds, habitats 
and landscapes); carrying out actions with scientific rigour; 
and applying a code of ethics and a set of good practices to 
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avoid endangering the species observed. It is worth men- 
tioning that little of this project reached El Hierro, only the 
creation of a map with fourteen places to observe birds. 

In 2018, the Cabildo (Island Government) of El Hierro 
produced an Ecotourism Guide for the Biosphere Reserve and 
Geopark of the island (Ramos Melo and González del Campo 
2018), containing a section dedicated to birdwatching. This 
guide provides tips for visiting throughout the year and details 
species and the places where they can be observed. These 
places are the forest roads of Mencáfete and Jinama, the 
Llanía spring and the Hoya del Pino recreational area to 
observe birds of prey and birds typical of the “Monteverde”; 
Llanos de Nisdafe and San Andrés for birds of steppe and 
agricultural environments, the reservoirs of Frontera to see 
migratory waterfowl and the port of La Restinga and the 
Orchilla lighthouse to observe marine and migratory birds. 


6 Conclusion 


On the island of El Hierro, little attention has been paid to 
birdwatching as a tourist activity even though the island is a 
Biosphere Reserve and Geopark and has numerous nation- 
ally and internationally recognised sites. Indeed, the island 
has bird fauna of great interest due to its endemicity, sites 
where it is relatively easy to observe the different species and 
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a basic infrastructure of paths and lookouts that allow visi- 
tors to travel around the island to conduct this new tourist 
activity. However, only recently has the Cabildo (Island 
Government) of El Hierro incorporated bird watching as an 
activity to be developed in the Biosphere Reserve and 
Geopark (Ramos Melo and Gonzalez del Campo 2018). 

Ornithological tourism is a solid complement to sun and 
beach tourism as it favours the development of tourist 
infrastructures in the interior, is not affected by seasonality 
and is compatible with short holiday periods or short breaks, 
an important tool for de-seasonalising tourism. However, it 
obliges the island's tourism sector to present a differentiated 
and expert offer for a specific and specialist public. The 
Geopark and the Biosphere Reserve of El Hierro should 
make significant efforts in the coming years to support and 
encourage the development of this new tourist activity, 
relying on the Ornithological Tourism Strategy for the 
Canary Islands developed by SEO/Birdlife in the framework 
of the MacaroAves project. The challenge is, moreover, to 
do so without deteriorating or endangering these valuable 
resources, i.e., the birds and their habitats. 
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Abstract 


El Hierro has been characterized by the balance between 
human development and environmental sustainability. 
The island was historically far from the mass tourism 
developments dominant on the other Canary Islands. 
Tourism accommodations in El Hierro are few compared 
to more developed coastal areas in the Archipelago, and 
recreational activities are mainly linked to cultural and 
natural sites and resources. This chapter focuses on La 
Restinga fishing village and its coasts, where the ‘Sea of 
Calms’ and one multiple-use Marine Reserve (MR) are 
located, both of which became popular over the last 
decade. The tourist development experience has promoted 
a new way of looking at the sea and conceptualizing its 
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habitats and populations. In 2014, after the submarine 
volcano eruption occurred in 2011, we estimated that at 
least 25,391 dives had been carried out in the diving spots 
established by the MR and other diving sites close to La 
Restinga. Despite the difficulties experienced after the 
volcano eruption, a unique imaginaire has been consol- 
idated, thanks to the image of the island's exclusive nature 
and iconic elements. In addition, the rapid recovery of the 
destination is an excellent example of how the tourism 
system can adapt and incorporate unexpected events such 
as volcanic eruptions. 


Keywords 


Tourism + Seascape * Cultural landscape * Submarine 
volcano eruption 


1 Introduction 


Marine and coastal seascapes are undoubtedly linked to 
historical human developments, including a long history of 
human-environmental interactions across time and space and 
the accompanying footprints of human activities in the 
marine environment. Such deep historical interactions have 
been recorded archaeologically and ethnographically in 
several locations in the world, including Australia (McNiven 
2018), the USA (Erlandson and Jones 2002), Chile (Latorre 
et al. 2017), and the Canary Islands (Spain) with aboriginal 
populations (Rodríguez Santana 1996). In the European 
context, remarkably, the coasts of southern Andalusia (Spain) 
are home to so-called ‘Corrales de Pesca’ (e.g., Florido del 
Corral 2011, 2014), which exemplify the richness of cultural 
seascapes that encompass the complexity and diversity of 
human and environmental relations. They include, but are not 
limited to, local and territorial knowledge, ichthyological 
knowledge, and issues of historical-cultural identity related to 
anthropogenic structures. According to the 2004 European 
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Landscape Convention, landscape concerns natural, cultural, 
and anthropogenic components as well as their interconnec- 
tions. Thus, the historical and current forms of human 
development in different areas and the socio-economic rela- 
tionships play a role in the cultural foundation of under- 
standing the constitution of cultural seascapes. These 
undoubtedly include the socio-cultural processes related to 
leisure time that have conditioned the perception of seascapes 
(Rodriguez-Darias et al. 2016), incorporating the tourist gaze 
(Urry and Larsen 2011), and recreational interest and uses 
(Piñeiro-Corbeira et al. 2020). 

In Island contexts, seascape has been regarded as a lim- 
iting factor and a part of a more extensive territory in which 
the sea belongs to the same space as the cultural and eco- 
nomic interconnection of people living on the island 
(Hau’ofa 1994). Moreover, besides island size and orogra- 
phy, seascape determines the level of openness in which 
islands may also be exposed to cultural influences from a 
wider variety of sources (Pungetti 2017), including island 
colonization, ecological adaptation, and the modern context 
of economic development such as tourism. Of course, the 
territory is rarely homogeneous (Crowley 1989), and human 
adaptations and resource usage may vary, resulting from 
various cultural seascapes in different island contexts. In the 
Canary Islands, the linkages with distant cultures date back 
at some level to the Phoenician-Punics, first, and the Romans 
later (del Arco Aguilar 2021). It is unclear yet how deep 
these ancient relationships were. However, the Spaniard 
conquest (1402-1496) opened the Archipelago to the 
European trade, converting some islands into a strategic hub 
for trade between the American, African and European 
continents (Vieira 2004; Macías 2009), promoting the 
introduction and development of some agricultural products, 
especially sugar (Macías 2009). For centuries their ports 
were an obligatory stop on all routes to the Southern 
Hemisphere. Santa Cruz de Tenerife and Las Palmas de 
Gran Canaria ports became essential coal deposits in the 
Atlantic, particularly during the nineteenth century (Suárez 
Bosa 2004). Later, the Archipelago went into the health and 
tourism businesses. Several places on the islands became 
centers for patients and rich families from Europe (González 
Lemus and Miranda Bejarano 2002). Marine tourism, 
including cruises and coastal recreational activities focused 
on the sea and sun resources, increased and intensified until 
well into the second half of the twentieth century. Currently, 
the European commodities demands are still present in large 
coastal areas and Canarian landscapes. Tourist resorts have 
occupied the seascape since the 1960s and intensified in the 
1980s. The Canary Islands has one of the highest population 
densities in Spain, and most of the population lives on the 
coast. Some coastal tourist areas have densities similar to 
Central-European cities. Most of the 415,287 regulated 
accommodations in 2017 were concentrated on the four 
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islands with a consolidated tourism sector (Tenerife, Gran 
Canaria, Fuerteventura, and Lanzarote) (Simancas Cruz and 
Peñarrubia Zaragoza 2019). 

In contrast to these macro processes in some of the 
islands in the archipelago, El Hierro has been characterized 
by the balance between human development and environ- 
mental sustainability. El Hierro’s port was built during the 
second half of the twentieth century. According to the offi- 
cial tourist accounts, El Hierro has traditionally received 
fewer tourists than other islands (e.g. 268,405 passengers 
arrived at the airport in 2019 of whom approximately 
133,325 were tourists, according to the Canary Islands 
Institute of Statistics'). The island was not included in the 
aforementioned trans-oceanic trade routes and was far from 
the tourist developmental movements on the other islands. 
Tourism accommodations are few compared to more 
developed coastal areas in the Archipelago. In 2019 there 
were only 23,721 travellers staying in tourist establishments 
in El Hierro.” Recreational activities are mainly linked to 
cultural and natural sites and resources, tangible and intan- 
gible ones. On the southern tip of the island, the Marine 
Reserve (MR) “Punta de La Restinga-Mar de Las Calmas’ 
(La Restinga Point-Sea of Calms) was declared as MR with 
fishing interest (Jentoft et al. 2012). This chapter focuses on 
La Restinga and its coasts, where the ‘Sea of Calms’ and the 
above-mentioned MR are located (Fig. 1), both of which 
became the most popular coastal tourist destination in El 
Hierro over the last decades (De la Cruz Modino et al. 2010). 
The Sea of Calms takes its name from the, almost 
year-round, excellent weather conditions in these waters, due 
to the protection from the dominant winds provided by the 
island’s mountains. The Sea of Calms extends from La 
Restinga on the east to the Punta Orchilla Lighthouse, the 
westernmost place in Spain. 


2 La Restinga and the Sea of Calms 


There was no stable population living in La Restinga until 
the middle of the twentieth century, although some histori- 
ans have pointed out that the pier was used as early as 1922 
(Acosta Padrón 2003). Initially, some families from the 
nearby farming village of El Pinar used to go fishing to La 
Restinga certain times of the year, but it was a temporary 
endeavour. They used to sleep in caves, between their small 
boats, or in small huts made with branches and a lichen 
called “orchilla” (Galván Tudela 1997). In the 1940s, some 


! Source: Canary Islands Institute of Statistics. Canary Islands Regional 
Government. 2000-2019. Service Sector. 

? However, there is an extensive parallel tourist accommodation offer 
among second residences and holiday-houses, employed by tourists 
without being officially counted. 
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Fig. 1 La Restinga and the Sea of Calms 


small-scale fishers from La Gomera (Canary Islands) arrived 
at La Restinga, and soon established the first permanent 
settlement. The reasons for these families to move to La 
Restinga are linked to Francoist repression (Pascual- 
Fernandez et al. 2018) and the conditions in La Gomera 
(Lopez Felipe 2002). On La Restinga coast and the Sea of 
Calms (Fig. 1), the good weather allowed fishing throughout 
the year, and the early permanent fishing settlers could 
exchange seafood for crops and livestock products with El 
Pinar and, over time, establish family ties (Pascual- 
Fernandez et al. 2018). 

According to the EU definition, fishing activity in La 
Restinga can be termed as “small-scale coastal fishing’ car- 
ried out by fishing vessels with an overall length under 12 m 
and not using towed gear (Pascual-Fernández et al. 2020), 
even though many fishers switch their fishing gear from 
season to season depending on the available species. They 
employ very selective fishing gear, mainly hand-held arti- 
facts such as canes, hooks and lines, and harpoons and traps 
for morays or shrimps. Fishers from La Restinga fish mainly 
within a mile offshore and return to the homeport every day 
and combine demersal (e.g. blacktail comber, groupers, 


Al, Diving sites outsite the MR 
* Recreational swimming area 


alfonsinos) and pelagic fisheries (e.g. skipjack tuna, bluefin 
tuna), especially for tuna, which is sometimes caught around 
other islands. Tuna fisheries have been relevant for the entire 
Canarian fleet and promoted the development of the fishing 
industry in the southwest coasts of the entire archipelago 
during the past century. At the end of the 1950s, some tuna 
canning companies became interested in La Restinga, and 
began buying local catches and installed an ice factory (De 
la Cruz Modino 2012). Despite the difficulties that accom- 
pany the marketing of artisanal fishery products, the fisher- 
men set up a local cooperative with the support of the 
government of the island (Cabildo Insular) in 1990 (Galván 
Tudela 1990), which manages most of the products today 
(Pascual-Fernández et al. 2018). Besides tuna fishing, fishers 
from La Restinga catch wahoo with harpoons, a legacy of 
their Gomera origins. These fishers have also developed 
specific techniques, such as the ‘puydn’, which is used to 
target parrotfish (Sparisoma cretense). Fishers snorkel 
around the rocky bottoms to target individual fish using just 
a line and a hook, taking advantage of the clear waters. 
Migration is part of the history of La Restinga, not just 
because of its origins. During the second half of the 
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twentieth century, many islanders migrated to other islands 
and to South America, especially Venezuela. Some of them 
later returned but, generally, not to the primary sector. Many 
migrants built apartments, as did others living in other 
islands. One inmigrant family began promoting scuba diving 
among the German market, even though the airport was still 
rudimental and had a small passenger terminal until the 
1990s. Later, the scuba-diving businesses expanded, led 
mainly by foreign families. A generous offer of fresh-fish 
restaurants consolidated thanks to the local fleet and the 
involvement of fishing households and women especially 
(Fig. 2). These changes rendered the community less 
dependent on fishing, but they maintained the fishing culture 
and traditions. Since 2000, the population of La Restinga has 
increased slightly from 443 to 631 inhabitants, 346 men and 
285 women.” In addition to socio-demographic and territo- 
rial change, the tourist development promoted a new way of 
looking at the sea and conceptualizing its habitats and 
populations under a new gaze that seeks recreation in marine 
contemplation. However, these two ways of considering the 
ecosystem, productive and contemplative, have not been 
antagonistic in La Restinga. On the contrary, the local 
population, which maintains critical control over the coastal 
resources (partly thanks to the declaration of the MR), has 
established synergies with the service sector, taking advan- 
tage of the opportunity opened by tourism development. 
This has helped give stability to the marketing of different 
fish products and helped overcome the historical imbalance 
between men and women in the local population, through 
the creation of new employment possibilities (De la Cruz 
Modino and Pascual-Fernandez 2005). 


3 The Marine Reserve and the Marine 
Tourism Development 


The Sea of Calms is a fragile ecosystem with a high biodi- 
versity, exceptional underwater visibility, and a warm sea 
surface temperature, making it potentially a great tourism 
destination, especially for scuba divers (Pascual-Fernández 
et al. 2015). Some subtropical species are the spotfin burrfish 
(Chilomycterus reticulatus) (Fig. 3f), different rays (e.g., 
Mobula tarapacana, Myliobatis aquila, Dasyatis pastinaca, 
Taeniura grabata) (Fig. 3b), and sharks such as the angel 
shark (Squatina squatina) and the smalltooth sand tiger 
shark (Odontaspis ferox) (Fig. 3h) occasionally seen in the 
Sea of Calms (Barría et al. 2018). Also, sea turtles (mainly 
Caretta caretta) (Fig. 3a) and various marine mammals such 


3 Source: National Institute of Statistics. Spanish Government. 
2020 Demography and population. Register. Population by municipal- 
ities. Nomenclator. Santa Cruz of Tenerife. 
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as dolphins (e.g., Tursiops truncatus, Stenella frontalis) 
(Fig. 3e), Bryde's whale (Balaenoptera brydei) and two 
beaked whale species, Cuvier's (Ziphius cavirostris) and 
Blainville's (Mesoplodon densirostris) (Arranz et al. 2014) 
are common along these coasts. The narrow underwater 
shelf, with caves, cliffs, and rocky and sandy habitats, add to 
the spectacular seascape. Some benthic species, such as 
groupers (Epinephelus marginatus, Mycteroperca fusca) 
(Fig. 3c), and the common spiny lobster (Palinurus elephas) 
(Fig. 3d), inhabit the rocky and sandy bottoms. La Restinga 
hosts a statue of a famous grouper called ‘Pancho’, who died 
in 2011 and has become a symbol of the natural marine 
landscape of the area. Before its death, fishers and tourism 
operators reached an agreement not to fish for groupers, 
highlighting the importance of Pancho for the destination. 

There are currently 15 marine tourism companies in El 
Hierro, offering various products (e.g., scuba diving, recre- 
ational fisheries, leisure). We have identified 34 marine 
tourism products, which focus on multiple coastal resources. 
Most companies and activities are located in La Restinga and 
the MR and work year-round. 

The MR was declared in 1996, covering 750 ha, with the 
support and active involvement of local small-scale fishers 
and scientists from the University of La Laguna (Tenerife). 
We consider this MR as an example of a co-governance 
system, where fishers, scientists, and government cooperated 
to support the sustainable development of small-scale fish- 
eries and the conservation of marine resources (Pascual- 
Fernández et al. 2015) (Table 1). 

In 2011, in the middle of the 2008—2014 economic crisis 
in Spain the underwater volcano Tagoro erupted giving rise 
to a novel shallow submarine volcano, seriously affecting 
marine life, as well as fishing and other marine activities 
along the coast of El Hierro. In the immediate wake of the 
volcanic eruption, La Restinga villagers were temporarily 
evacuated, and professional fishers abandoned all fishing 
activities from October 2011 to March 2013. However, 
recreational fishing remained active on parts of the island. 
Studies from the University of La Laguna showed the area 
has recovered (Lazzari 2015; Mendoza et al. 2020), and 
commercial fishers agree. Between 2013 and 2014, fishers 
came back to their main traditional small-scale fisheries and 
fishing grounds (Piñeiro-Corbeira et al. 2022). Also, marine 
tourism activity in the area entirely recovered (Fig. 4). In 
2014, we estimated that at least 25,391 dives had been 
carried out in the diving spots established by the MR and 
other diving sites close to La Restinga. We also estimated 
that 2621 diving tourists arrived, spending 609,384 euro in 
scuba-diving alone during that year (Ordofiez García 2014). 

Despite the difficulties experienced after the volcano 
eruption, a unique imaginaire (Dela Santa and Tiatco 2019) 
has been consolidated, thanks to the image of the island's 
exclusive nature and iconic elements, such as Pancho the 
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Fig. 2 Territorial development in La Restinga. Source Grafcan 


grouper and the MR itself. The cultural landscape is created 
through a seascape that combines two visions: the local view 
and the tourist gaze. In addition, the rapid recovery of the 
destination is an excellent example of how the tourism system 
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can adapt and incorporate unexpected events. An example of 
such capacity is the increase in sports events along the Sea of 
Calms, such as the ‘Travesia a nado Volcan las Calmas’ (Las 
Calmas Volcano Swimming Tour). This event, unlike the 
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Fig. 3 Marine habitats and species in the Sea of Calms. Source Buceo El Bajón 


Table 1 MR characteristics 


Punta de La Restinga-Mar de las Calmas MR 


Responsible National and autonomous government 

Declaration 1995 (BOC) 1996 (BOE) 

Depth range 0-400 m 

Habitats Rocky reefs, caves, sandy substrates 

Protection Small-scale fisheries enhancement and conservation 

objectives 

Fishers The Cofradía has a strong presence in all governing bodies created or related to the management of the MR 

co-management 

Forbidden Anchoring/recreational fishing from boat/spearfishing/scuba diving with propulsion elements/other extractive uses different 
at described and allowed uses 

Zone Total MR Maximum Buffer zone Multiple uses area 

classification restricted area 

Uses Professional fishing uses Professional tuna | Professional Professional fisheries/scuba diving /angling from the 
recreational uses fishery fisheries shore/other recreational uses 

Source De la Cruz Modino and Pascual-Fernández ( ) 


traditional Open Foto-Sub, is available to all participants, not Calms along the affected coasts. The proposed area included 
only divers. two existing protected areas, one Natura 2000 site and one 

As the situation stabilised, the Spanish government pro- Special Protection Area (SPA). The proposal focused on the 
posed the creation of a Marine National Park in the Sea of protection of the volcanic cone as well as known marine 
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Fig. 4 Small-scale fisheries and marine tourism activities in La Restinga and the Sea of Calms. Source: Buceo El Bajón (a, c, e, g, h); Manu 


Machin Quintero (b, £f); Raquel De la Cruz Modino (d) 


mammal habitats. Commercial fishers supported the pro- 
posal through their cofradía (fishers’ organization) (Bavinck 
et al. 2015). However, the recreational fishers opposed it 
because they felt that a National Park would restrict recre- 
ational fishing. Since then, conflicts between recreational 
fisher groups and small-scale fishers became acrimonious 
(Pascual-Fernández et al. 2015), although different stake- 
holders have tried to mediate. Some of them appeared in the 
local marine governing arena for the first time, such as 
NGOs that did not take part in the MR creation. The situa- 
tion, apart from the conflict, is symptomatic of how the 
cultural landscape is changing with the entry of so many new 
actors on the territory. The park as projected does not focus 
on simply protecting fishery resources, as the MR intended, 
but rather on *marine resources'. It is also not intended as a 
fisheries management tool, but rather from the perspective of 
marine governance, which affects many more public and 
private agents from the civil society, such as new adminis- 
trations, not only the traditional fishing responsible. Thus, 
the protection of the Sea of Calms is not just about the 
management of fisheries but about marine governance as a 
whole. 


4 Concluding: Cultural Landscape Besides 
Natural and Fishing Heritage 


The landscape, at the intersection between nature and cul- 
ture, both past and future, as Pungetti and Makhzoumi sta- 
ted, has a discursive elasticity that encourages its use as a 
framework for an elastic culture (Pungetti 2017). The Sea of 
Calms and La Restinga coasts are undoubtedly linked to the 


fishing tradition, which constitutes the ‘sense of place’ 
(Galvan Tudela 2003) of this village, which was built in the 
twentieth century around fishing families that depended on 
the natural resources of this area and pelagic fish. This 
natural landscape is particularly fragile due to the small 
submarine platform surrounding the Island, so fishers are 
conscious of the need to secure these resources. The MR was 
built upon this need, but at the same time facilitating the 
preservation of a submarine and cultural beautiful seascape 
for visitors, encompassing traditional fishing activities 
together with marine and scuba diving tourism while 
securing the natural values of the area (Pascual-Fernandez 
et al. 2018). However, the experience of La Restinga and the 
Sea of Calms also reveals the active role played by the 
visitor's gaze, with which locals cohabit. Along with fishers 
and tourists, new stakeholders and new images (Chuen- 
pagdee et al. 2020) emerge on the Sea of Calms and its 
resources. As well as environmental emergencies, especially 
climate change and its effects, including ocean warming and 
marine ecosystems collapse (Bulleri et al. 2020) may leave 
their footprint on the cultural landscape. These facts high- 
light the seascape’s dynamism and stakeholders’ diversity. 
The seascape of La Restinga plays an essential role in the 
provision of cultural services and, despite the difficulties 
experienced after the submarine volcano eruption, this 
small-scale fishing village has been consolidated in the 
tourism market by taking advantage of its remoteness, 
pristine nature, and exclusivity values. 
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Abstract 


The year 2011 remained in the memory of the residents of 
the island of El Hierro (Canary Island, Spain) because of the 
volcanic episode that originated in its vicinity. From the 
beginning of the first precursory signs in July 2011, the 
island's inhabitants reminded that the islands" geological 
origin is volcanic and, what are the consequent threats of 
living on them. The eruption, however, has occurred in the 
marine realm leaving the only threats to the population, 
strong earthquakes, and diffuse emission of volcanic gases. 
The Tagoro eruption has not caused any loss of human life, 
however, its major impact indirectly affected the economy 
of the residents of the village of La Restinga, in whose 
vicinity the volcano originated. From a scientific point of 
view, the eruption has provided an enormous field of 
observation of the volcanic phenomenon. With the infor- 
mation obtained during the monitoring ofthe volcano, there 
is more insight into possible future eruptions. A volcanic 
product that has never been seen before (Restringolites) 
was found thanks to this eruption, which is why this 
volcano was so particular from a petrological point of view. 
The eruption affected the island's economy, and it also had 
negative consequences on Herrefio tourism. The inhabi- 
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tants of the island, wanting to recover the pre-eruptive 
economic levels and attract tourists, who, due to the false 
catastrophic descriptions about the eruption, stopped 
coming, have taken decisive steps. El Hierro, having 
peculiar geomorphological and geological characteristics, 
was the perfect candidate to obtain the Geopark status. In 
this way, the island of El Hierro, being the Biosphere 
Reserve since 2000, became also the Geopark since 2014. 


Keywords 


El Hierro * Historic eruption * Geopark * Restinga * 
Tagoro 


1 Underwater Eruption of El Hierro 


The submarine eruption of El Hierro at the end of 2011 is the 
first of the twenty-first century in the Canary Islands and is 
the only one in historical period on the island. The eruption of 
the Tagoro volcano was an eruptive event very well docu- 
mented by multiple agencies (e.g. Instituto Volcanológico de 
Canarias (INVOLCAN), Instituto Geográfico Nacional 
(IGN), Instituto Geológico y Minero de España (IGME), 
Instituto Espafiol de Oceanografía (IEO), Consejo Superior 
de Investigaciones Científicas (CSIC), etc.) and managed by 
Civil Protection with the aim of reducing damage to the 
population. The eruption originated on the seabed, at a depth 
of 400 m, in the vicinity of the fishing village of La Restinga 
(Fig. 1). The economic activity of this area is based on the 
primary and tertiary sectors, with fishing and diving tourism 
being the most developed activities.n. However, this volcanic 
eruption in the vicinity of this area so closely linked to the sea 
caused direct and indirect consequences on the economy of 
the residents of La Restinga. The economy of the residents of 
La Restinga. Even so, thanks to technological and scientific 
advances, excellent measurements have been obtained before 
and during the underwater eruption. The locations of the 


115 


Geoheritage, Geoparks and Geotourism, https://doi.org/10.1007/978-3-031-07289-5 11 


116 


187796 


W. Hernandez Ramos et al. 


3075792 


219796 


Fig. 1 Location of the Tagoro Volcano south of La Restinga in El Hierro 


earthquakes, the deformation of the island, the values of 
diffuse outgassing of volcanic gases, thermal images and 
bathymetric representations, allowed us to estimate with 
great precision the volume of the emitted material. In this 
sense, although the volcanic hazards linked to the eruption 
(seismicity, terrain deformation and gas emission) generated 
risks that affected to a greater or lesser extent the Herreña 
population, there were no human casualties. 

The aim of this chapter is to analyze how the eruption 
developed from the pre-eruptive to the post-eruptive period 
and the importance of this volcanic event for the develop- 
ment of the Herrefio geopark. 


1.1 Pre-Eruptive Period 

The pre-eruptive period of the submarine eruption of the 
island of El Hierro lasted 83 days, starting on 17 July 2011 
after the onset of the seismic shock recorded by the geo- 
physical network of the National Geographic Institute 
(IGN) (Padilla et al. 2013; Pérez-Torrado et al. 2012a, b; 
Domínguez Cerdeña et al. 2018; Melián et al. 2014; López 
et al. 2012; Hernández et al. 2013; Pérez et al. 2012, 2014, 


2015; Padrón et al. 2013; Ibáñez et al. 2012; Carracedo et al. 
2012; Rivera et al. 2013, Sandoval-Velasquez et al. 2021; 
Rodríguez-Losada et al. 2015; García-Yeguas et al. 2014; 
Blanco et al. 2015). The seismicity produced had a migra- 
tory character (Fig. 2). Throughout the 3-month pre-eruptive 
period, 12,000 seismic events occurred, migrating in a pat- 
tern from the north (El Golfo) to the south (El Julan and the 
Mar de las Calmas) of the island indicating the movement of 
magma at depth and the search for the weakest pathways in 
the crust to emerge (Ibáñez et al. 2012). 

Together with seismicity, the IGN recorded ground 
deformation and an increase in endogenous gas emissions 
(Pérez et al. 2014; Melián et al. 2014). However, seismicity 
starred the pre-eruptive period, with earthquakes reaching 
magnitudes of up to 4.4, creating uncertainty about the place 
of origin of the new volcano due to its constant spatial 
migration. On October 8, the largest seismic event in the 
pre-eruptive stage originated at a depth of 15 km and about 
3—4 km from La Restinga. This earthquake was caused by 
the opening of a hydraulic fracture when magma was 
injected into the cortical levels (Pérez-Torrado et al. 2012a, 
b). Some authors claim that the beginning of the eruption 
was on 10 October, when the harmonic tremor started (Martí 
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Fig. 2 Location of seismic events recorded by IGN (www.ign.es) up to 
5 March 2012 on the island of El Hierro. The colors show different 
seismic phases described by Ibáñez et al. (2012); the star in red shows 
the location of the submarine eruption. Source Melián et al. (2014) 


et al. 2013). However, the first visible evidence of the 
eruption appeared on October 12 (Pérez et al. 2014). They 
are the change in color of the seawater, which went from 
light green to dark brown in the vicinity of La Restinga, as a 
result of the chemical interaction of seawater with the dis- 
charge of hydrothermal fluids at high temperature and 
magmatic gases. This volcanic manifestation was called the 
mancha (Pérez et al. 2014). The new volcano (Fig. 1) under 
construction started to be installed on the southern slope of 
the submarine base of El Hierro. 

The main consequences for the population were due to 
the multiple earthquakes and their high magnitudes. In this 
sense, on September 23rd the yellow warning level was 
established in the traffic light which was composed of three 
colours: red, yellow and green. The most significant mea- 
sures were the closure of the Los Roquillos tunnel (between 
the municipalities of La Frontera and El Valverde) and the 
evacuation of La Restinga. However, in early October 2011 
as seismic activity experienced a decrease in frequency and 
magnitude, the residents of La Restinga returned to their 
homes. On October 8, 2011 a volcano-tectonic event of 
higher magnitude (4.4 MI) occurred and two days later the 
volcanic tremor started (Ibafiez et al. 2012). The major 
seismic events caused landslides, rock falls and fear among 
the population, however, they did not cause major damage 
among the island's residents. However, the day before the 
eruption, the residents of La Restinga were evacuated to 
Valverde as a precaution and to improve the management of 
the volcanic crisis. volcanic crisis. 
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Event 


During the eruptive stage from October 12, 2011 to March 5, 
2012 (206 days) a total of 2500 earthquakes and harmonic 
tremor (www.ign.es) were recorded. After the start of the 
eruption, the number of earthquakes was decreasing as the 
energy accumulated by the magmatic intrusion at depth was 
released through the eruption. However, on October 20, in 
the area of El Golfo, the largest number of events and the 
highest magnitudes were recorded, accompanied by a greater 
release of pyroclastic material from the eruptive source. 
These events were interpreted at first as a possible opening 
of a new eruptive mouth in the north of the island, but no 
other eruption occurred in the vicinity of it (Perez-Torrado 
et al. 2012a, b). 

The ground deformation experienced as a result of the 
eruption was of the order of 40 mm in the vertical compo- 
nent and 50 mm in the horizontal component (www.ign.es), 
with the largest deformation recorded at La Frontera 
(Fig. 3), with intrusion volumes for the year 2011 estimated 
at 2.1 x 107 m? (Pérez et al. 2014). 

The geochemical data also indicated an increase in the 
diffuse emission of CO-type volcanic gases, (Fig. 4), H5S, 
and a significant change in ?He/He* ratio and Rn activity 
values (Melián et al. 2014). 

In the early stages of the eruption, floating pyroclasts 
appeared on the sea surface. These volcanic bombs and 
slags, which were seen for the first time on 15 October 2011, 
were named Restingolites (Perez-Torrado et al. 2012a, b). It 
is the first time that pyroclast with white, siliceous cores and 
black basanitic crust has been studied and documented 
(Perez-Torrado et al. 2012a, b). Its peculiarity is due to the 
enormous chemical contrast represented by the product 
itself. This material emerged from the volcano to the water 
surface in the first eruptive phases and, contrary to materials 
with basaltic components, floated in the sea. After the first 
week of the eruption, the Restingolites stopped appearing on 
the water surface and on the nearby beaches, and another 
volcanic product, the “lava baloons" or hollow volcanic 
bombs, were found inside them (Perez-Torrado et al. 2012a, 
b). Their collection was complicated because the seawater 
invaded the interior of the pyroclasts and they lost their 
buoyancy. This type of volcanic product has been previously 
documented during submarine eruptions (Clague et al. 2000; 
Gaspar et al. 2003). In addition to the volcanic materials 
emitted, discoloration of the water due to gases from the 
volcanic activity itself was evident, discoloring to different 
shades of brown, red and green (Fig. 5). 

On November 8, 2011 the largest earthquake associated 
with the eruption of La Restinga was recorded; 2 km from 
the north coast of the island, with a depth of 21 km and 
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Fig. 3 Time series of GPS 
coordinates for the FRON station 
from 2011 to the end of 2013, 
whose reference station is located 
at GMAS (Maspalomas). Solid 
red circles represent the elevation 
determined by the IGN (www. 
ign.es); first row- horizontal 
displacement in East-West 
component; second 
row-horizontal displacement in 
North-South component; third 
row- vertical displacement. 
Source Pérez et al. (2014) 
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magnitude 4.6MI (Ibáñez et al. 2012). Since November 24, 
the volcanic activity had a decrease, noting a drop in seis- 
micity. The newly formed volcano was emitting pillow lavas 
at depth along with pyroclasts. From 13 February 2012 the 
tremor was decreasing in amplitude and volcanic activity 
was markedly reduced, indicating that the end of the erup- 
tion was approaching (Ibáñez et al. 2012). After several days 
without apparent volcanic activity, on March 5, 2012 the 
IGN reported the end of the eruption. 

The IEO made a bathymetric sweep in which the geo- 
morphology of the slope before and after the volcano 
emerged can be appreciated. The IEO vessel Ramón 
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Margalef, in the last bathymetric campaign, established that 
the volcanic cone was 88 m below sea level and the volume 
of the emitted material was 145 x 106 m? (Perez-Torrado 
et al. 2012a, b). 

The peculiarities of the volcanic event of El Hierro are 
marked mainly by the volcanic products originated in it as 
well as by the migratory activity of the seismicity. 

During this stage, the main concerns of the authorities 
were the explosiveness of the eruption as the volcanic cone 
grew and approached the water surface. The eruption may 
have been explosive (surtseian activity) and considered 
hydromagmatic due to the contact of magma with water. In 
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Fig. 4 CO flux maps 2 of El Hierro Island constructed from an average of 100 samples using the sGs method. Figure Melián et al. (2014) 


Fig. 5 Photograph taken at the 
source of the submarine volcano 
by INVOLCAN scientific staff. 
INVOLCAN SCIENTIFIC 
STAFF 


the case that the eruption had emerged, it could have vio- 1.3 Post Eruption 

lently released gases and could have been explosive, so 

estimating the height of the new volcano with bathymetric The eruption of the Tagoro volcano did not produce any 
studies was of vital importance. fatalities despite the fact that it was located 1 km off the 
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coast of the village of La Restinga. Seismicity lasted until 
the following years with high activity and deformation 
continued until 2013. A decrease in the amount of endoge- 
nous gases emitted into the atmosphere was observed. 
However, this fissural eruption could have had a greater 
impact on the population and their property if it had had an 
explosive activity. 


2 The Geopark of El Hierro 
2.1 Tourism in the Context of the Submarine 
Eruption 


The submarine eruption of the Tagoro volcano had, as has 
been pointed out, important consequences on the Herrefia 
economy and especially on tourism (Aristegui 2015). During 
the underwater eruption the main source of the island's 
economy suffered a severe blow. In December 2011, figures 
showed that 70% of businesses were closed due to the crisis 
(https://elpais.com/sociedad/2012/01/19/actualidad/ 

1327003592_267319.html). The figures provided by the 
Canary Islands Institute of Statistics (ISTAC) prove this. 
Taking as a reference the year before the eruption, the 
occupancy rate data for this municipality in October 2010 
was 14.5%, in the same month but a year later, when the 
eruption occurred, the occupancy rate fell to 0.7%. This led 
to the declaration of a state of social emergency in the three 
Herrefio municipalities and even caused emigration to other 
islands. Although there were public voices from the locals 
saying that the volcano was not dangerous, fear and uncer- 
tainty set in and caused the unprecedented collapse of this 
economic activity on the island (https://elpais.com/sociedad/ 
2012/01/19/actualidad/1327003592_267319.html). 

This hard time was fostered, in part, by the media's lack 
of knowledge of this type of event. Parallel to the eruption, 
there was intense media pressure that caused a false level of 
alarm to be perceived. In addition, social networks were the 
focus of hoaxes for visitors, as falsely catastrophic situations 
were described. These events caused serious damage to the 
image of El Hierro and caused the tourists present to leave 
the island (López Moreno 2013). So much so, that the 
occupancy rate for the year 2011 suffered a slight decline of 
1%, compared to the previous year. However, the crisis was 
even greater the following year, as this percentage fell from 
18% in 2011 to 13% in 2012 (ISTAC). If we consider the 
activity rate for the municipality of El Pinar, to which La 
Restinga belongs, during the third quarter of 2011 it can be 
seen that it suffered a decrease of 3.78% compared to the 
previous quarter of the same year. This is the second largest 
decline in the activity rate only surpassed by the world crisis 
COVID-19 (ISTAC). 


W. Hernández Ramos et al. 


The underwater eruption caused diving and fishing 
activities to come to a standstill. The eruption caused sharp 
temperature gradients, acidification of the water, sulphur and 
iron concentration (Arístegui 2015). In this context, the 
Cabildo of El Hierro wanted to reactivate the tourism sector 
and when the risk traffic light went down to yellow, it 
wanted to install three viewpoints of geological interest for 
the observation of the eruption. This was intended to 
counteract the massive cancellations of bookings in the last 
months of 2011 (https://www.hosteltur.com/151880_hierro- 
promociona-fenomeno-volcanico-comom-nuevo-atractivo- 
turistico-html) through geotourism. 


2.2 The Birth of the Geopark of El Hierro 


When the eruption ended on March 5, 2012, a new era for 
tourism on the island began at the same time. The actions that 
were carried out had as a maxim to take advantage of this fact 
to relaunch the visit of people. It was then that the idea of 
turning the island into a geopark was born. This management 
figure is promoted by the United Nations Educational, Scientific 
and Cultural Organization (UNESCO) and focuses on a sus- 
tained local development that is allowed to manage both cul- 
tural and natural heritage, with special emphasis on the volcanic 
geodiversity of the island (www.elhierrogeoparque.es). 

The creation of the Geopark of El Hierro was included in 
the planning of medium and long term actions to boost the 
battered economy of El Hierro after the eruption of the 
submarine eruption. The actions were agreed in several areas 
such as the Council of Ministers of 28 October 2011, or 
orders PRE/293636/2011 and IET/460/2012 in which, 
among other issues, sectoral measures were established to 
support the promotion of tourism, industrial and business 
revitalization and the promotion of Information Technology 
and Communication in El Hierro. The aim of the official 
bodies was to achieve economic sustainability through the 
“El Hierro Geopark" brand with initiatives by both public 
and private business entities (Poch et al. 2015). 

The Cabildo of El Hierro and the Ministry of Industry, 
Energy and Tourism agreed and developed a proposal for the 
candidacy of El Hierro to join the European Geoparks 
Network. This proposal was presented in Lesvos (Greece) 
from 3 to 14 September 2012 and organized by the 
University of the Aegean with the collaboration of the 
Global and European Geoparks Network (www.europapress. 
es/epsocial/responsables/noticia-herro-presienta-portugal- 
candidatura-entrar-red-europea-geoparques-20120919180113. 
html). 

The process was long and the premises that had to be fulfilled 
were the following (https://proxecto.xeoparquecaboortegal.gal/ 
es/que-es-que-es-un-geoparque/): That it was a geographically 
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unified territory, with unique geological references and with a 
certain visual attraction and content for visitors. That there is an 
entity with management capacity in charge of carrying out an 
integral strategy related to the conservation of resources, 
research, education, tourism and economic and social develop- 
ment. That this strategy is in place even before the presentation 
of the candidacy, with actions to enhance the value of geology 
and measures to ensure maximum social participation, since 
geoparks should be built from the bottom up. That there are 
sufficient economic resources to support the action plan, which 
can then be carried out directly or with the collaboration of 
companies and organizations in the territory. 

The administrations carried out different improvement 
works with the aim of responding to the premises to be 
fulfilled. Among others, the rehabilitation of the Cueva de la 
Pólvora, the recovery of the Bien de Interés Cultural Fuente 
de Isora, the opening of the volcanic tube of the Cueva de 
Guinea, the improvement of the visitor centre Arbol Garoé 
or the reopening of the Parque Cultural El Julan, with guided 
routes with ethnographic, historical and geological infor- 
mation. With all this, on 23 September 2014, more than two 
years after submitting its candidacy, El Hierro was declared 
a Geopark, thus becoming the first geopark in the Canary 
Islands. UNESCO took into account several aspects for its 
inclusion in the European and global network of geoparks, 
among which stand out that it was a Biosphere Reserve since 
2000, that it has seven protected natural areas (Nature 
Reserves of Mencafete, Roques de Salmor, Tibataje, Pro- 
tected Landscapes of Ventejis and Timijiraque, Rural Park of 
Frontera and Natural Monument of Las Playas) that repre- 
sent 60% of the territory or the experience gained during the 
crisis of the submarine eruption (www.rtve.es/noticias/ 
20140923/isla-hierro-declarada-geoparque-unesco/1016824. 
shtml). 


2.3 A New Era for El Hierro 


One of the main boosts for the economy of El Hierro after 
the submarine eruption was its declaration as a geopark and 
the promotion of volcanic geotourism on the island. The 
geopark area covers the entire emerged island and about 300 
km? of sea area around El Hierro. Thus, in addition to 
including the large landslides that are the protagonists in the 
definition of the geomorphology of El Hierro, the submarine 
eruption of the Tagoro volcano (Poch et al. 2015) is also 
included as one of the geozones of the geopark. All these 
initiatives and the passage of time have made diving regain 
strength through activities that have been developed for 
several decades, such as the Open Fotosub underwater 
photography contest. Likewise, from the public administra- 
tions, initiatives were carried out that also had to do in some 
way with the observation or study of underwater geological 
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activity. For this reason, the Biosphere, Geology and 
Geopark Interpretation Centres were built (Poch et al. 2015). 


3 Conclusion 


The Tagoro eruption between 2011 and 2012 in El Hierro, 
being submarine in nature, did not cause major damage, 
although it could have been disastrous if it had originated on 
land. The only volcanic hazards that took place during the 
pre- and eruptive period were earthquakes of greater mag- 
nitude, however, they did not cause major damage to the 
population. The deformation of the terrain and the geo- 
chemical activity of the gases did not pose a problem for the 
citizens of the island. More scientific interest was aroused by 
the volcanic product never seen before-Restingolites, as well 
as the fact that it was the last volcanic eruption in the Canary 
Islands for 40 years and the first historical eruption in El 
Hierro. 

On the other hand, the submarine eruption had a signif- 
icant impact on the Herrefia economy. The employment rate 
fell both for the year as a whole and during the month in 
which the eruption began. After the end of the eruption there 
was a turning point that changed the conception of the island 
and of tourism on El Hierro. In this context, the possibility of 
turning the island into a Geopark was raised. The attrac- 
tiveness of its volcanic nature was an important factor, but 
the fact that the eruption took place below the surface was a 
major factor, as it added to the attraction it already had for 
diving activities prior to the eruption. The administrations at 
both regional and national level were coordinated so that the 
island ended up being part of the network of geoparks 
around the world, and this fact was ratified in 2014. In this 
way El Hierro became the first geopark in the Canary 
Islands, thus changing the image of the island forever. 
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